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ABSTRACT 
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research for safeguards and research for many other purposes. It 
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protective and monitoring systems and devices; process 
instrumentation; reactivity measurements; and sampling. (Author/JG) 



” -r ?&* 







jr 

t 



) 



t<\ 

K\ 

o> 

rvj 

UTi 

O 

a 

LU 



WASH-1122 



U,S, DEPARTMENT OF HEALTH, 
EDUCATION & WELFARE 
OFFICE OF EDUCATION 
THIS DOCUMENT HAS BEEN REPRO- 
DUCED EXACTLY AS RECEIVED FROM 
THE PERSON OR ORGAN'ZATION ORIG- 
INATING IT. POINTS OF / IEW OR OPIN- 
IONS STATED DO NOT NECESSARILY 
REPRESENT OFFICIAL OFFICE OF EDU- 
CATION POSITION OR POLICY. 



RESEARCH and 



DEVELOPMENT 



) 





DECEMBER 1, 1968 



Office of Safeguards and Materials Management 



UNITED STATES ATOMIC ENERGY COMMISSION 










■ y 

l :i 

)A 

Hi 

/ j 






•'4ff 

\-.r; ft*. 

:JJ 

• •' ! &W&- 






LEGAL NOTICE 

This book was prepared under the sponsorship of the U. S. Atomic En- 
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any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or implied, with 
respect to the accuracy, completeness, or usefulness of the information 
contained in this publication or that the use of any information, apparatus, 
method, or process disclosed in this book may not infringe privately 
owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, apparatus, method, or process 
disclosed in this publication. 

As used in the above, “person acting on behalf of the Commission** 
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ABSTRACT 



This document indicates the present status of active research and 
development programs for safeguards and summarizes the results 
of completed contracts * Available information concerning un- 
classified contracts awarded from the beginning of safeguards 
activities in 1955 until October 1, 1968 is included. The active 
contracts are being supported by the ACDA, BMwF, IAEA and the USAEC. 

In addition to serving as a historical review of safeguards research 
and development, the document also includes the "period of contract" 
and contract price so that the direction of effort and the increasing 
expenditures can be clearly seen. 

Research organizations should be able from the summaries presented 
to identify areas in which they have special technological competence 
to contribute to the new and expanding field of peaceful use 
safeguards. 
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I. INTRODUCTION 





This report summarizes the results of unclassified research and 
development contracts in the field of peaceful use safeguards. 

(A brief history of the basis and background of safeguards is 
given in Section VIII, page 279.) All available information 
regarding contracts awarded from the beginning of safeguards 
activities in 1955 until October 1, 1968 is included. 

The Atomic Energy Act of 1946 required that all special nuclear 
material be owned by the United States Government. At that time 
a system of control over the material was established to assure, 
to a high degree, the detection of any loss or diversion. By 
material assay and accounting procedures, the system demonstrated 
how much material should be at any location and how much was 
actually on hand. As indicated in Section VIII, the Act of 
1946 was extensively modified in 1954 to permit the distribution of 
special nuclear material to private persons. The 1954 Act also 
provided, in the context of agreements for cooperation between the 
United States and other governments, for safeguards on special 
nuclear material distributed abroad. 

In 1957, the Statute of the International Atomic Energy Agency 
became effective. It specifically required that safeguards be 
imposed on nuclear materials used in certain international activities. 

The first control efforts of the USAEC after 1954 were concerned 
with activities collectively known as ’nuclear materials control* 
which were primarily for material accountability and financial 
purposes. To support these activities, the USAEG awarded contracts 
for the development of accounting procedures and analytical methods 
to assay the nuclear materials. 

With the establishment in the USAEC of the Office of Safeguards 
and Nuclear Materials Management in 1967, safeguards have 
emerged as a more precisely defined area of endeavor aimed at 
preventing and detecting the unlawful diversion of nuclear materials. 
While this encompasses all the activities required for nuclear 
materials management, it includes new equipment and techniques, 
discussed in this document, such as tamper-proof seals and 
instrumentation, methods of material tagging, identification and 
assay, and systems studies of the entire nuclear fuel cycle. 

A few research projects are reported which, although not performed 
for the specific purpose of safegu^ds, are related to safeguards. 
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These summaries indicate there is really no sharp line of demar- 
cation between research for safeguards and research for many other 
purposes. The project summaries indicate very clearly that safe- 
guards encompasses such diverse disciplines as radiation chemistry, 
accounting, statistics, reactor physics, computer programming, and 
operations analysis as well as efforts in the legal, financial 
and political areas. 

This is a specialized report prepared for the information of those 
concerned with safeguards and nuclear materials management. It 
is not intended to include the technical detail that is presented 
in topical, or even progress reports. It supplements "Nuclear 
Science Abstracts 11 and other abstracting documents in that it 
also reports work in progress. The "Period of Contract* 1 and the 
contract price are included to indicate the direction and scope 
of safeguards R&D; such information is not usually available from 
technical reports and published abstracts. 

The original objective of this document was to summarize the results 
of individual contracts which had produced topical reports covering 
specific areas of investigation. In most cases this approach has 
been satisfactory. However, certain large contracts cover such a 
variety of subjects that several topical reports were prepared for 
a single contract. In this case, summaries of the individual 
reports rather than the contract are given (see page 122). 

One purpose of this report is to indicate the areas of research 
effort and the expenditures since the formal beginning of research 
for safeguards in 1955 with the awarding of a contract by the 
USAEG for an inventory control study (see page 145), 

In order to most effectively direct the expenditure of funds for 
safeguards R&D, it is necessary that the Office of Safeguards and 
Materials Management be cognizant of all work in this area. 

One purpose of this summary document is to indicate, as mentioned 
above, the historical development of safeguards R&D and to establish 
a perspective so that areas requiring effort can be identified. 

'Hie report summaries have been grouped according to subject as 
much as possible. The subject matter of some reports would permit 
their being put in any of several subject categories; these reports 
have been arbitrarily assigned to a suitable category. 

The active research contracts are being supported by the United 
States Arms Control and Disarmament Agency, the Federal Ministry 
for Scientific Research (Federal Republic of Germany), the Inter- 
national Atomic Energy Agency and the United States Atomic Energy 
Commission. 
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II. SPONSORING ‘ ORGANIZATIONS 

A. ACDA - United States Arms Control and Disarmament Agency 

Department of State 
Washington, D. C. 20451 

B. BMwF - Bundesministerium flir wissenschaftlicha Forschung 

(Federal Ministry for Scientific Research) 

Federal Republic of Germany 
532 Bad Godesberg, Germany 

C. IAEA - International Atomic Energy Agency 

Vienna, Austria 

D. USAEC- United States Atomic Energy Commission 

Office of Safeguards and Materials Management 
United States Atomic Energy Commission 
Washington, D. C. 20545 
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III. SUBJECT INDEX 

A. Analytical Methods ......... 

B. Calculation of Heavy Isotope Content of Reactor Fuel 

C. Fuel Element Analysis 

D. Gamma Spectrometers 

j 

E. Inspection Procedures 

F. ^inventory Control 

G. Mathematical Models for Fuel Cycle Analysis 

H. Miscellaneous . . . . . . . . . 

I. Plant Protective and Monitoring Systems and Devices 

J. Process Instrumentation . . . . 

K. Reactivity Measurements . . . • 

L. Sampling 
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2. Interlaboratory Evaluation Program (USAEC) 

3. Standard Reference Materials (USAEC) 

4. Analytical Procedures and Facilities for a 
Nuclear Materials Control System (USAEC) 

5. Gamma Scan Measurement of Air Filters (USAEC) 

6. Development of Primary Standards for Plutonium 
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8. Plutonium Content by Calorimetry (BMwF) 
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1. Research Contract No. 



$ 



Title 

Selected Measurement Methods 

Institution: Several AEC Laboratories and AEC Contractors 

Principal Scientific Investigators: R. J. Jones, USAEC 

Period of: Contract: 1959-1963 

Results 



The result of this program was the publication of a 419 page 
analytical manual which includes selected analytical methods for 
plutonium and uranium along with discussions of sampling, bulk 
measurement techniques and the use of standard reference materials.* 

Costs were not separated for this program. The program was started 
in 1959 and was conducted during the normal course of laboratory 
operations. It incorporates the efforts of many persons in the 
field who coittributed to the publication. 

The manual is organized as follows: 

Part I GENERAL CONSIDERATIONS 



Chapter 1 
Chapter 2 
Chapter 3 
Chapter 4 
Chapter 5 



Introduction 

Standard Reference Materials 
Sampling 

Bulk Measurements 
Statistics of Measurement 



Part II ANALYTICAL METHODS 

Uranium Concentration Measurement 
Uranium Isotopic Composition Measurement 
Plutonium Concentration Measurement 
Plutonium Isotopic Composition Measurement 
Supplementary Methods 



^"Selected Measurement Methods .for Plutonium and Uranium in the 
Nuclear Fuel Cycle" 1963 Jones, Ralph J* (USAEC) (TID-7029) 

(For sale by the Superintendent of Documents, U. S. Government 
Printing Office, Washington, D. C. 20402) 
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2. Research Contract No. 



$ 36,000 



Title 



Inter laboratory Evaluation Program 
Institution: USAEC New Brunswick Laboratory 

Principal Scientific Investigators: C. J. Rodden, M. W. Lerner 

Period of Contract: 1965 

Results 

This program, begun by the Division of Nuclear Materials Management 
in 1965, evaluated the methods in TID 7029, "Selected Measurement 
Methods for Plutonium and Uranium in the Nuclear Fuel Cycle." The 
evaluation was accomplished by analysis of a series of samples 
prepared and distributed by NBL to thirty-four different laboratories 
throughout the U. S. 
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3, Research Contract No. 



$ 1,950,000 



Title 



Standard Reference Materials 



Institution: USAEC New Brunswick Laboratory (NBL) 

National Bureau of Standards (NBS) 



Principal Scientific Investigators: C. J. Rodden, (NBL); J. K. Taylor 



and J. L. Hague (NBS) 



Period of Contract: 1957 to 1963 (see note) 

Results 

This program, initiated in 1957 by the Division of Nuclear Materials 

Management, has resulted in the development, preparation and 

certification by NBS of the following primary standards: 

a. A series of 16 isotopic standards for uranium ranging from 
0.5% U-235 to 93% U-235. 

b. An isotopic plutonium standard having about 90%, Pu-239 and 
about 8%, Pu-240. 

c. Chemical standards for both uranium and plutonium. 

The program since 1963 has been funded by NBS but has continued 

to be an AEC-NBS program. Presently under development are: 

a. Three additional primary uranium isotopic standards, natural, 
highly depleted and highly enriched. 

b. Additional plutonium isotopic standards of higher Pu-240 
content. 

c. Working standards for chemical analyses for both plutonium 
and uranium. 

Note: This is a continuing program which has been funded by the 



National Bureau of Standards since 1964. 




ERIC 



- li - 







4 . Analytical Procedures and Facilities for a Nuclear Materials 
Control System (12/1/59) WCAP-6032 

C. C. Thomas, Jr. 

Analytical procedures and facilities suitable for use in a Nuclear 
Materials Control System (NMCS) are specified. Techniques, 
precisions, and accuracies are considered for the analysis of 
various process samples for uranium, plutonium, free acid, specific 
gravity, and other data. The handling and storage of analytical 
samples is also discussed, and specific recommendations are given. 












5. Research Contract No. $ 8,000 

Title 

Gamma Scan Measurement of Air Filters 
Institution: New York Operations Office, USAEC 

Principal Scientific Investigator: . Ira M. Cohen, USAEC, NYO. 

Period of Contract: 1962 

Results 

This program was designed to provide improved measurement of the 
U-235 content of air filters that had been used in plant air 
systems. The technique has proven quite useful and is being developed 
to more widespread use. 

Started in 1962, the majority of this effort was done in the normal 
course of the field office nuclear materials management effort. 

On several occasions additional effort was required which 
required funding. This was provided by the Division of Nuclear 
Materials Management and totaled about $8,000. 




$ 50,000 



Development of Primary Standards for Plutonium + 
Uranium 



Institution: Mound Laboratory, Miamisburg, Ohio 

Principal Scientific Investigators: 

Period of Contract: 7/1/64 to 6/30/68 

Published Reports 

1) Rogers, D. R. and Brown, W. B. , Potassium Plutonium Sulfate , 

MIM- 12 12 , Mound Laboratory, Miamisburg, Ohio (December 11, 1964), 
13 pp. 

2) Plymale, D. L. and Smith, W. H., "Uranyl Tropolonate Complexes", 
J. Inorg. Nucl. Chem. . (to be published). 



3) Plymale, D. L. and Smith, W. H., "Plutonium Tropolonate Complexes", 
J. Inorg. Nucl. Chem. . (to be published) . 

4) Smith, W. H., "Thermal Dehydration of Uranyl Nitrate Hydrates", 

J. Inorg. Nucl. Chem. . (to be published). 

5) Plymale, D. L. , "Plutonium (IV) Nitrate Complexes of Triphenylarsine 
Oxide and Triphenylphosphine Oxide", J. Inorg. Nucl. Chem. . (to 



6) Silver, G. L. , Separation of Uranium and Thorium from Plutonium , 
(patent applied for). 



* 



be published) 
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$ 120,000 
FY-68 



?. Research Contract No. AT-33-1-GEN-53 

(Related to Safeguards) 



Title 



Calorimetric Assay of Radioactive Materials 

Institution: Mound Laboratory, Miamisburg, Ohio 

Principal Scientific Investigators: B. C. Blanke, J. F. Eichelberger 

K. C. Jordan 



Period of Contract: 1945 to continuing 

Background & Principle 

Mound Laboratory has had a continuous calorimetry program since 1945. 
During this time, the laboratory has participated with other AEC 
sites on a wide variety of research, development, and production 
problems involving both radioactive and stable materials. In 
these problems, the power range from microwatts to hundred watts 
has been measured, and most radioactivity shipped from Mound 
Laboratory in millicurie or higher amounts has been calorimetered 
to satisfy the requirements of nuclear management. 

Since the inception of the calorimeter program, over 85 calorimeters 
have been built for use at Mound Laboratory and other AEC sites. 

In early development of calorimetry the use of twin-bridge 
calorimeters was stressed. But, as a result of the development here 
of a nuclear thermoelectric generator under a U. S. Signal Corps 
contract, several micro-calorimeters similar in design to the 
thermoelectric generator using thermopiles and having detectabilities 
of less than one erg per second have been constructed. Recently, 
the need for calorimetering large samples of irregular geometry 
with outputs greater than several watts led to the development of 
a twin-bath calorimeter. 

Most of Mound Laboratory* s calorimeters operate near and slightly 
above room temperature. However, several calorimeters have been 
pushed to the boiling point of the water bath, and two high- 
temperature calorimeters have been constructed. The first high- 
temperature calorimeter can operate up to 650°C and the second up 
to 800 C. Both of these high- temperature calorimeters are of the 
twin-bridge type. 

Results 

The capabilities of calorimetric analysis techniques are indicated 
by the half-life measurement of Actinium-227 and Thorium-227 
using twin heat flow calorimeters. 

The half-life of Ac-227 and probable error was determined to be 
21.7728 +0.0029/-0. 0032 years (based on an ordinary tropical 
year of 365.2422 days) and the half-life and probable error of 




Th-227 was 18.7176 + 0.0052 days. The Ac-227 half-life was 
determined on three samples in three calorimeters over a 14-year 
period . 

With the data that have been accumulated on Ac-227, it is suggested 



It has the following excellent characteristics for this purpose: 

(1) Actinium-227 is a naturally occurring isotope in a branch 
of the uranium-235 chain. It can be separated from 
irradiated Ra-226 and is becoming readily available; 

(2) The half-life of Ac-227 has been accurately measured to 
be 21.7728 years; 

(3) The half-lives of all the daughters have been accurately 
measured; 

(4) The half-lives of the decay products are so short that, 
after one year decay, equilibrium is established. 

Further, the Ac-227 half-life is controlling after the 
equilibrium is established; 

(5) Chemical separation of the actinium from daughter products 
to give an accurate t = 0 is an established process; 

(6) Chemical separation of the actinium gives an initial, 
almost pure, beta-emitting product (approximately 2% alpha) 
that can be critically evaluated for the absence of all 
other radioisotopes; and 

(7) The power output of the sample increases in 185 days to 
450 times the initial output at the time of chemical 
separation. 

The disadvantage of the shorter half-life of the actinium compared 
with radium is more than offset by the greater accuracy with which 
it is known. 

Published Reports 



"Half-Life of Radium-223", J. Inorganic Nucl. Chem., 27. 1881-1887 
(1965), H. W. Kirby, K. C. Jordan, J. Z. Braun, M. L. Curtis, and 
M. L. Salutsky. .7 



that it be considered for use as a laboratory standard for calorimetry 



I 



"Calorimetric Determination of the Half-Life of Polonium-210", 
The Physical Review. 96, 719-721. (1954), J. F. Eichelberger , 
K. C. Jordan, S. R. Orr, and J. R. Parks. 



ii 



"High* Temperature Di f f e rent ia 1 Resistance Bridge Calorimeters" 
Review of Scientific Instruments, 35 , 875-880, (1964), T. K. 
Engel, K. C. Jordan, G. W. Otto, and D. M. Scott. 





16 



8. Research Contract No. 



$ 



* Title 

1 

| Plutonium Content by Calorimetry 

I 

i Institution: ALKEM 

| Principal Scientific Investigator: W. Stoll 

| 

) Period of Contract: August 1967 to continuing 

‘i 

I: 

| Background & Principle 

I The firm ALKEM has developed a calorimeter for determining the 

I plutonium content in plate type fuel elements for the Reactor 

| SNEAK within an accuracy of + 0.2% 

Objective 

Extend the calorimetric analysis method to cylindrical fuel elements 
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9. Research Contract No, AT(29”1)-1106 



$ 157,000 



Title 



Plutonium Nitrate Shipping Solution Measurements 



Institution: Dow Chemical Company, Rocky Flats Plant 

Principal Scientific Investigators: J. T. Byrne, R, L, Delnay 

Period of Contract: 1962 to 1964 

Background & Principle 

Plutonium nitrate solution is one of the forms in which the Atomic 
Energy Ccraimission will purchase privately produced plutonium. 

Within the AEC complex, however, there has been a long history of 
differences between the shipper-determined and receiver-determined 
plutonium content of plutonium nitrate solutions. In many cases, 
these differences have been of the order of several percent. The 
causes for and the conditions relating to these differences had 
never been adequately defined. It was necessary, then, that before 
plutonium nitrate is used as a form for the purchase of privately 
produced plutonium, a thorough study be undertaken to investigate 
the problems associated with the shipping of plutonium nitrate. 

The Commission requested such a study in August of 1962. 

Ob jectives 

Determine the causes for, and eliminate if possible, the shipper- 
receiver differences on shipments of plutonium nitrate. 

Cone lusions 

Shipper-Receiver Differences 

Using byrdif ference weight bulk measurements and a standardized 
analytical method, an interplant shipment of six 3-liter containers 
of plutonium nitrate was made with an average shipper-receiver 
difference less than 0.2%. 

In twenty intraplant simulated shipper-receiver measurements and in 
thirteen interplant shipments of plutonium nitrate, the relative 
standard deviation of the shipper-receiver difference averaged + 0.3%. 

Using volumetric bulk measurements, six intraplant simulated shipments 
of plutonium nitrate in a 10-liter container showed an average 
shipper-receiver difference of +0.04% and a relative standard of 

+ ■0.25%, 

Solution Composition ' 

Within the composition range specified for AEC purchase of private 
plutonium nitrate (50-250 grams of plutonium per liter; 2-10 N nitric 







acid; less than 5000 ppm metallic impurities), no composition was 
found to cause a shipper-receiver bias. The physical and chemical 
measurement methods demonstrated in this program are applicable 
over this composition range. 

Solution Stability 

The stability of plutonium nitrate solutions'' is dependent upon the 
hexava lent plutonium content. Plutonium (VI) is a major constituent 
of plutonium nitrate solutions that have been concentrated by evap- 
oration. Self-reduction of plutonium (VI) to plutonium (IV) occurs 
with the evolution of oxygen. The self-reduction proceeds with a 
half-life of approximately several weeks. In the self-reduction 
reaction, hydrogen ion is consumed in the ratio of approximately 
one hydrogen ion per plutonium (VI) ion. The acidity reaction is 
not sufficient to cause hydrolysis of plutonium (IV) if initial 
acidity is above 2 N. 

Analytical Measurements 

The major contributor to shipper-receiver differences in this work 
was the analytical determination of plutonium in solution. A 
suitable method has been demonstrated, but interplant comparisons have 
shown a significant analytical bias between two widely used and 
recommended methods. 



10. Research Contract No. AT(29-1)-1106 
Title 



$ 95,000 



Plutonium Oxide Shipping Measurements * 

Institution: Dow Chemical Company, Rocky Flats Plant 

Principal Scientific Investigators: J. T. Byrne, C. E. Caldwell 

Period of Contract: 1963 to 1965 

Background & Principle 

Plutonium oxide is a convenient form in which to ship plutonium 
between plant sites. It is one of the forms in which the Atomic 
Energy Commission will purchase privately-produced plutonium. 

The amount of plutonium shipped is expected to increase rapidly 
within the next several years. To minimize problems in buying and 
selling plutonium between the Atomic Energy Commission and private 
reactor owners, a thorough study of the shipper-receiver measurement 
problem was needed. 

Within the AEC complex, there has been a history of differences 
between the shipper-determined and receiver-determined plutonium 
content of plutonium nitrate solutions. A comprehensive study 
aimed at reducing or eliminating this problem was recently completed. 
(See summary 11, above). 

To preclude repeating this history of shipper-receiver differences 
with plutonium oxide, a program was initiated under the sponsorship 
of the USAEC Division of Nuclear Materials Management to eliminate, 
if possible, these differences. 

Ob jectives 



To determine the possible causes of plutonium oxide shipper-receiver 
differences, and to eliminate these differences if possible. 

Procedure 



A program was set up in which the administrator had complete control 
over both simulated-shipping and simulated-receiving functions. 

In defining the problem, the probable causes for the shipper-receiver 
differences were placed in five categories: analytical bias, bulk 

measurement bias, sampling bias, loss during shipment, and clerical 
errors. These causes could also be arranged in six areas listed 
as follows: 

1. Analytical method standardization error. 

2. Plutonium oxide instability. 

3. Plutonium oxide insolubility. 

.4. Bulk measurement calibration error. 



5. Inadequate sampling procedures. 

6. Incomplete cleanup of shipping containers. 

Personnel at Rocky Flats were experienced in handling and measuring 
plutonium oxide on both an intraplant and an interplant basis. This 
experience, combined with information that could be obtained from 
other sites, was the basis for developing the current program for 
investigating the problems associated with the shipping of plutonium 
oxide . 

In setting a goal of eliminating plutonium differences, it is necessary 
to qualify the term "eliminating". The intent of this study is to 
eliminate differences that are statistically significant at the 95 
percent confidence level. The significance of a measured difference 
is determined by the number and standard deviation of the measurements. 
In the interplant shipments, 8 cans were shipped twice thus checking 
twice on the reliability of the measurements. With 8 measurements 
(seven degrees of freedom) , a difference about equal to the standard 
deviation can be shown to be significant at the 95 percent confidence 
level. It was anticipated from previous experience with both plutonium 
nitrate and plutonium oxide that the measurement standard deviation 

(and consequently, the detectable bias) would be about 0.2 percent. 

Conclusions 



The major causes of shipper-receiver differences, during shipments 
of plutonium oxide, have been identified, and methods of minimizing 
the differences have been developed. Acceptable levels of shipper- 
receiver differences have been demonstrated, and recommendations 
for further improvement have been made. Plutonium oxide, properly 
prepared, is stable and sufficiently soluble to use as a shipping 
form. The equipment and procedures used in this study, for 
preparation of acceptable plutonium oxide, are recommended as speci- 
fications. Bulk-measurement errors are minimal when proper procedures 
and equipment are used. Retention of plutonium oxide in the shipping 
cans was found to be negligible. A template-sampling method appears 
to be adequate. A procedure for the non-destructive calorimetric 
determination of plutonium in a shipping container has been 
demonstrated. 

The average shipper-receiver differences for 12 interplant shipments, 
of oxide prepared from oxalate or peroxide, between Hanford and Rocky 
Flats was +0.14 percent, with a standard deviation of 0.23 percent. 
Using analytical laboratory results, from the same laboratory only, 
the average shipper-receiver difference for these interplant shipments 
was +0.10 percent with a standard deviation of 0.18 percent. A 
similar group of 12 intraplant shipments, at Rocky Flats, gave an 
average shipper-receiver difference of -0.06 percent with a standard 
deviation of 0.19 percent. 

The positive shipper-receiver difference (+0.14 percent) for the 
interplant shipments is explained by the fact that all receiving 
samples were analyzed in an atmosphere of lower humidity than th&t 
in which the oxide was initially prepared. Consequently, the analyses 



show a progressive increase in plutonium concentration because of 
loss of absorbed moisture. The interplant shipments also included,, 
two batches (four shipments) of oxide prepared by denitration of 
plutonium nitrate. Results from this material were erratic, indicating 
heterogeneity and instability because of incomplete calcination. 

The shipper-receiver differences obtained with denitrated oxide are 
not included in the above results. 

The ceric sulfate redox titration method was used to determine 
plutonium for calculation of shipper-receiver differences. This 
method is subject to sampling error, and it requires that the oxide 
be completely soluble. 

It is believed that the calorimetric method could be used for the 
determination of plutonium in shipping containers. The calorimetric 
method requires precise measurements of the isotopic composition. 

But it does not require: (T) that the oxide be homogeneous, 

(2) that it be completely soluble in a limited time, or (3) that 
careful weight measurements be made. The precision of the method 
is comparable to the ceric sulfate redox titration method as 
performed at Rocky Flats and Hanford 0.06 percent RSD) . The 
bias between laboratories, for the calorimetric method, should 
be less than the bias found for the wet chemical methods. 



LI. Research Contract No. 



$ 8,600 



Title 



Plutonium Compound Evaluation Program 



Institution: Five USAEC Laboratories 

Principal Scientific Investigators: 

Period of Contract: 1962 to 1966 

Background & Principle 

Three plutonium compounds, plutonium sulfate tetrahydrate , anhydrous 
plutonium sulfate and dicesium plutonium hexachloride , were 
evaluated for suitability as primary plutonium chemical standards 
to replace the plutonium metal standard. The use of a compound 
rather than metal would provide more versatility in use because 
of the ease of subdivision to take small portions. 

A statistical evaluation of the data accumulated by the various 
laboratories which have been analyzing the three plutonium compounds 
gave no indication of decomposition trends for any of the compounds. 

The dicesium plutonium hexachloride salt showed the lower error mean 
square and appeared to be the preferred compound. Even when a 
laboratory had difficulty with the analyses there seemed to be less 
difficulty with the dicesium salt then with the other two compounds. 

Looking at the compounds from a stoichiometric standpoint, none of 
the three are suitable for a primary standard. NBS requires that 
a primary standard be stoichiometric to within 0.02 parts per ten 
thousand while a working standard need be only to within 0.05 parts 
per ten thousand. Both the dicesium salt and the plutonium sulfate 
tetrahydrate would be suitable as working standards but neither are 
sufficiently stoichiometric to be a primary standard. The anhydrous 
sulfate salt is not suitable as either a primary or a working 
standard. 

At a meeting held on March 2, 1966, the USAEC sponsored Advisory 
Committee for Standard Reference Materials and Methods of Measurement 
recommended that both the dicesium plutonium hexachloride and plutonium 
sulfate tetrahydrate be used as working standards. The Committee 
felt that both compounds should be made available to permit flexibility 
in chemical, isotopic and impurity analyses. Batches of. these 
materials would be standardized against the primary standard metal 
and will be distributed either by NBS or NBL as working Standards. 
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12. Analyst Performance on Synthetic Purex Solutions (1/15/60) 

WCAP-6036 

H. Ginsburg, C. C. Thomas, Jr. 

Results are presented on an evaluation of analyst performance and the 
reliability of certain analytical procedures employed in the Nuclear 
Materials Controls System (NMCS) program. Synthetic samples pertinent 
to the NMCS Project were prepared and analyzed. The bias, standard 
deviation; and their associated 95 percent confidence limits are 
presented for each analyst for several series of determinations. 

A modified X-ray fluorescence spec trome trie procedure for the destruc- 
tive assay of uranium in MTR and ETR fuel plates is discussed. 
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13... Research Contract No. AI(10-1)- 1230 



$ 383,000 
to 9/30/68 



Title 



Qualification of Umpire Laboratories 
Institution: Idaho Nuclear Corporation 

Principal Scientific Investigator: J. E. Rein 

Period of Contract: 4/29/65 to continuing 

Background & Principle 

Many private U. S. Companies and foreign concerns are entering 
the atomic energy industry. As a result, the AEC is transacting 
an increasing number of sales, leases, and purchases of fission- 
able material outside the AEC complex. The basis of the monetary 
payments or credits is the quantity and quality of the materials 
involved as established by analysis. Based on past experience, 
there will be inevitable differences and hence disputes between 
the AEC and other parties. Such disputes are best resolved by 
neutral umpire laboratories. 

The types of materials which are currently being transferred within 
1 the AEC complex and which can be expected to be exchanged between 
the AEC and other parties include: uranium hexafluoride , uranyl 

nitrate (solution and crystal), uranium oxides (UgOg, UC^, and UOg), 
uranium metal, plutonium nitrate solution, plutonium dioxide, 
and plutonium metal. Of these, uranium hexafluoride, uranyl nitrate, 
and plutonium nitrate solution will be exchanged most frequently 
and highest priority has been assigned to them. The specifications 
of interest are various physical properties, impurities including 
nonradioactive metallic and nonmetallic elements, fission products, 
and certain actinide nuclides; and most important, concentration and 
isotopic assay of uranium and plutonium. 

Ob jective 4 

The purpose of this project is the establishment and administration 
of a program to qualify independent U. S. and foreign laboratories 
to serve as umpires for various uranium and plutonium materials. 
Laboratories will be qualified on the basis of the results of 
actual analyses of specially prepared standards. 

Procedure 



This program is being conducted in cooperation with other AEC- 
controlled laboratories including New Brunswick Laboratory (NBL) , 
Oak Ridge Gaseous Diffusion Plant (K-25), Paducah Gaseous Diffusion 
Plant (PAD), Goodyear Atomic Corporation (GAT), Atlantic Richfield 
Hanford Co. (ARHCo), Rocky Flats (RF) , and Los Alamos Scientific 
Laboratory (LASL) . 



The program is being implemented as follows: 



Phase I: 



a. Review the specifications for the various uranium 
and plutonium materials. 



b. Establish the availability of adequate methods for 
the specification analyses. 

c. Establish the basic requirements of a prospective 
umpire laboratory. 

d. Explain the objective of the Program to selected 
AEC laboratories and obtain their cooperation. 



Phase 2: a. On the basis of information obtained in Phase I 9 

inform laboratories seeking qualification what the 
Program entails, and to assess by means of a question- 
naire, their interests, competences, and technical 
capabilities. 



b. With the aid of the selected AEC laboratories, prepare 
standards of the various materials on the basis of 
information obtained in Phase I: a and analyze each 
standard for the various specifications. 

Phase 3: a. Distribute the standards to those laboratories that 

qualify under Phase 2: a 

b, Qualify or reject the laboratories on the basis of 
a personal inspection of their laboratory facilities 
and statistical comparisons of their data with that 
obtained under Phase 2:b by the AEC laboratories. 



Status as of 4/30/68 



A. Preparation and Analysis of Standards 
1. Uranium Oxide 

A second oxide has been prepared and tested for homogeneity 
by the analysis of six random samples for uranium and for 
iron. Uranium was determined because very precise methods 
are available and because it is the major component. Iron 
was determined because it is a major impurity constituent 
and because other investigators have indicated that its 
distribution in uranium oxide is a function of particle 
size. Both series of analyses indicated homogeneity. 

In a supplemental study, the oxide was screened with a 
200-mesh sieve and the two fractions were analyzed for 
iron. Contrary to the findings of other investigators, no 
significant difference was observed in the iron content 
of the two cuts. 
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2„ Uranyl nitrate, U-233 enriched uranyl nitrate, and uranium 
hexafluoride 

Standards of U-233-enriched uranyl nitrate were prepared 
at ICPP (Idaho Chemical Processing Plant of Idaho Nuclear 
Corporation) and standardized at K-25, GAT, NBL, and ICPP. 

All data that have been received from these laboratories 
have been tabulated for statistical evaluation. 

The data received from the AEC standardizing and participating 
laboratories for the uranium concentration of uranyl nitrate, 
Standard A, has been statistically reevaluated. The reason 
for doing this is that the basic model was adjusted to allow 
qualification of laboratories and not analysis as was pre- 
viously the case. 

Test samples of this standard were sent to five U. S. and. 
one foreign laboratory. The analysis results reported 
by laboratories seeking qualification on uranyl nitrate, 
uranium hexafluoride, and U-233-enriched uranyl nitrate 
were statistically evaluated to establish qualification. 
Several qualifying laboratories were visited to confirm 
capabilities. 

3, Plutonium metal, plutonium nitrate, and plutonium oxide. 

Standardizations of the plutonium nitrate, plutonium oxides, 
and plutonium metal standards were completed by ARHCo, LASL, 
NBL, and RF. Test samples of these materials were distributed 
to five U. S. and five foreign laboratories. Statistical 
-evaluation of analytical results was started. 

B* Preparation of Program Documents 

The first of a series of documents for transmittal to the AEC 
Office of Safeguards and Materials Management has been prepared. 
This first document covers the basis of the Umpire Program. 

Ifr will be followed by documents which will report analytical 
results, the statistical evaluation of these results, and will 
recommend laboratories for qualification. 
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Status as of 10/1/68 



A. Preparation and Analysis of Standards 

Uranium oxide samples have been shipped to eight participating 
organizations. Two of the commercial organizations have broadened 
their participation in this Program by indicating that, in addition 
to uranium oxide, they are interested in uranyl nitrate, plutonium 
nitrate, plutonium oxide and plutonium metal. 

Statistical evaluation of data received from the participating lab- 
oratories as of September 30, 1968, for the concentration and 
isotopic distribution of UFg has been completed and the qualified 
laboratories determined. Three laboratories obtained acceptable 
results for the isotopic distribution of UFg for U-235 by surface 
ionization mass spectrometry techniques. The impurity categories 
for UFg are now in the process of being completed. 

B . Preparation of Program Documents 

The first two of a series of documents have been issued: 

QUALIFICATION OF UMPIRE LABORATORIES FOR THE ANALYSIS OF URANIUM 
AND PLUTONIUM MATERIALS SPECIFICATIONS 

Report I. BASIC PROGRAM 

ABSTRACT 

On behalf of the Office of Safeguards and Materials Management, 

USAEC, Idaho Nuclear Corporation is conducting a program directed 
toward the qualification of U.S. commerical and foreign government 
laboratories to serve as umpires in AEC transactions involving 
uranium and plutonium materials. Qualification is based on a 
demonstrated ability to analyze the various materials for the various 
specification categories. This first report describes the basic 
program. Supplementary reports will be issued which recommend the 
qualification of participating laboratories for each of the various 
materials. 



QUALIFICATION OF UMPIRE LABORATORIES FOR THE ANALYSIS OF URANIUM 
AND PLUTONIUM MATERIALS SPECIFICATIONS 

Report II. First Report on Uranyl Nitrate 

ABSTRACT 

As indicated in "Report I. BASIC PROGRAM", issued May, 1968, the 
Idaho Nuclear Corporation is conducting a program, on behalf of the 
Office of Safeguards and Materials Management, directed to the 
qualification of U. S. commercial and foreign government laboratories 
to serve as umpires in AEC transactions involving uranium and plu- 
tonium materials Qualification is based on a demonstrated ability 
to analyze the various materials for the various specification 
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categories. This report lists the specifications and describes 
the preparation and standardization of the uranyl nitrate standards. 
The statistical analyses and qualification recommendations are 
presented for those participating laboratories that have completed 
the analysis of this material at this time. 

The third report, "Report III. First Report on Uranium Hexafluoride", 
is now being prepared. The contents of this report will be similar 
to that of "Report II." 

Following "Report III", the proposed order of report preparation 
is plutonium nitrate, plutonium oxide, plutonium metal, U-233 
enriched uranyl nitrate and uranium oxide. 
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14. Research Contract No. 



$ 



Title 

Isotopic Composition Analysis by X-ray Fluorescence 
Institution: Institute fur Radiochemie, Karlsruhe 

Principal Scientific Investigator: A. von Baeckraann 

Period of Contract: 

Objective 

Determine the accuracy, time required and cost of measuring isotopic 
composition. Investigate the possibility of using this method in 
an industrial plant. for highly active uranium and plutonium containing 
solutions. 



15. Research Contract No. 



$ 



Title 

Isotopic Composition Analysis by Isotopic Dilution 
Spectrometry 

Institution: Institute fur Radiochemie, Karlsruhe 

Principal Scientific Investigator:^ A. von Baeckmann 
Period of Contract: August 1967 to (continuing) 

Objective 



Determine the accuracy, time required and cost of measuring isotopic 
composition and isotopic content by dilution spectrometry. The 
possibility of using this method in an industrial plant will be 
evaluated. 



16 . Research Contract No. 



$ 



Title 



Isotopic Composition Analysis by Photometry 
Institution: Institute fur Heisse Chemie, Karlsruhe 

Principal Scientific Investigator: . A. von Baeckmann 
Period of Contract: August 1967 to (continuing) 

Ob jective 

Determine the accuracy, time required and cost of measuring isotopic 
composition by photometry. The study will include an evaluation 
of the possibility of using this method in an industrial plant. 
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17. Research Contract No. AT-33-1-GEN-53 

(Related to Safeguards) 

Title 



$ 20,000 

to 6/30/68 



Rapid Process Control of Alpha Emitting Isotopes 



Institution: Mound Laboratory, Miamisburg, Ohio 

Principal Scientific Investigators: R. J. Baltisberger, W. R. Wood, Jr. 

Period of Contract: 7/1/67 to 6/30/68 

Background & Principle 

A probe type alpha detector was developed to assay polonium content 
in process solutions. The desirable features of the probe are its 
adaptability to in-line installation and the rapid results read 
directly from an electrometer amplifier. These features allow better 
production control. 

The detector is an air-filled ionization chamber which operates on 
200 V and responds almost exclusively to alpha disintegrations. 

The response of the electrometer varies nearly directly with the 
alpha disintegrations of the measured solutions. 

Experimental analyses were conducted exclusively with HC1 solutions 
of polonium with varying bismuth concentrations simulating actual 
process solutions. The instrument was effective in measuring 
polonium alpha activity in HC1 acid solutions between 0.008 and 
0.8 mCi/ml. Accuracies of + 10% were obtained routinely. 

Published reports : 

"Simplified Alpha Probe Type Detector" Paper to be presented 
at Twelfth Annual Analytical Conference, Gatlinburg, 

Tennessee October 8-10, 1968 by R. J. Baltisberger and W. 

R. Wood, Jr. Paper is being submitted for publication in 
Analytical Chemistry. 
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B. Calculation of Heavy Isotope Content of Reactor Fuel 

1. Determination of the Tritium Build-up in a 
Heavy-Water Moderated Reactor (IAEA) 129/RB 

2. Analytical and Experimental Methods of 
Determining Heavy Isotope Content of Operating 
Fuel Elements (USAEC) 

3. Theoretical Analysis of Plutonium Buildup and 
Uranium Depletion in Power Reactors (IAEA) 

467 /CF 

4. Theoretical Analysis of Plutonium Buildup and 
Uranium Depletion in Power Reactors (IAEA) 

468/RB 

5. Theoretical Analysis of Plutonium Buildup and 
Uranium Depletion in Power Reactors (IAEA) 

495/RB 

6. Theoretical Analysis of Plutonium Buildup and 
Uranium Depletion in Pressurized Water and Boiling 
Water Power Reactors (IAEA) 513/RB 
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1. Research Contract No. 129 



$ 9,320 



Title 



Determination of the Tritium Build-up in a Heavy-Water- 
Moderated Reactor 

Institution: Institute of Nuclear Sciences "Boris Kidric M 

Belgrade , Yugoslavia 

Principal Scientific Investigators: Z. Vukmirovic, S. V. Ribnikar 

Period of Contract: 12/27/61 to 12/26/63 

Background & Principle 

Heavy hydrogen, H 2 , shows a relatively small thermal neutron 
activation cross section of 0.57 mb. However, in a heavy-water- 
moderated nuclear reactor, high neutron fluxes after some time 
produce quite appreciable quantities of tritium, H . The amount 
of tritium, after decay corrections, will be proportional to the 
entire neutron dose received by the heavy water, as well as to the 
integral energy released by the reactor fuel. 

The only uncertain point is the migration behavior of the tritium 
through the reactor system. A part of the tritium might escape from 
the heavy water after its formation with the deuterium gas produced 
by radiolysis of the heavy water. False results could therefore 
be obtained for the above-mentioned activity-energy relationship. 

The intention of the present investigation was. to prove the 
reliability of a correlation between the amount of tritium found 
in the reactor heavy water, and the power history of the reactor. 

P rocedure 

The investigation was made on the 6.5 MWt heavy water moderated 
reactor (2.0% U-235 enrichment) at Vinca, Yugoslavia. 

Samples of both the heavy water from the moderator tank and the 
hydrogen liberated by the hydrolysis were taken over a 24-month 
period. The H^ activity was determined using liquid scintillation 
counting or internal gas counting. 

Results 



A correlation between the reactor operation data obtained by thermal 
measurements and the corresponding values obtained from the tritium 
activity measurements was obtained. A previously known conversion 
factor, the average integral neutron flux per unit power, 0.41 X 
lO^n/cnZ/sec per megawatt was used. 

The integrated power of the reactor was determined by thermal and 
tritium activity measurements agreed well within the measurement 
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error limits of the thermal data (± 10%) and the activity data 
(± 5 %) . 

Conclusions 

The tritium activity in heavy water moderator corresponds to the 
power history of a reactor and can be used for measurements of 
the integral neutron flux and integral power release of it. The 
average integral neutron flux per unit power has to be known for 
each particular reactor. 
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2. Research Contract No, AT(38-l)r*428 
Title 



$ 217,000 
to 1/29/68 



Analytical and Experimental Methods of Determining Heavy- 
Isotope Content of Operating Fuel Elements (9/30/65) 

Institution: Combustion Engineering, Inc. 

Principal Scientific Investigators: M. F. Valerino, Z. R. Rosztoczy 

Period of Contract: 1964 to February 1968 



Background & Principle 

For the purpose of determining the monetary value of fissile 
material in irradiated fuel elements, it is necessary that the 
content of uranium and plutonium be calculated. Since fuel discharged 
from a power reactor is generally not processed for several months, 
an interim monetary settlement must be based upon calculations. A 
knowledge of the nuclear material content of discharged reactor fuel 
is also required in the implementation of safeguards procedures to 
minimize or detect the clandestine diversion of such material. 



This study, conducted by Combustion Engineering, Inc. since 1964 
for the Division of Nuclear Materials Management, is covered by a 
three-phase contract . 

Phase I 



The specific objectives were to determine the capabilities and 
limitations of the present calculation methods, to evaluate the 
accuracy of the available techniques, and to express as quantitatively 
as possible the agreement which might be expected between calculational 
results and the results of a careful dissolution chemical analysis;' 

The current calculational techniques used to predict heavy-isotope 
content of nuclear fuels exposed in power reactors were identified 
and evaluated from the standpoint of estimating accuracies of 
predictions. A significant number of experimental measurements were 
made for comparison with the calculated heavy-isotope content of 
irradiated fuel. 

Phase II 

Work under this phase showed that a GE-developed code, FLARE, could 
be used by the AEG to verify the results of more detailed calculations 
as reported by the reactor operations. FLARE is a burnup distribution 
code, it apportions total burnup (as determined from heat balance 
calculations) among the fuel assemblies of the reactor. In most 
cases it will be possible to make one mesh point in the calculation 
correspond to a single fuel assembly in the reactor. 



The FLARE code provides the best compromise for calculating relative 
fuel assembly exposures which compare very favorably with experimental 
distributions inferred from flux wire, isotopic composition and Cs- 
137 measurements. The exposure predictions are most accurate for 
pressurized water and boiling water reactors which are predominant 
in current commercial power production and for which significant 
experimental and operational data are available. Data were reviewed 
in detail for, among others, the following major power reactors: 

Indian Point, Dresden, Shippingport , Hallam, Saxton, Carolinas- 
Virginia, Piqua and Yankee. The same degree of accuracy is expected 
for other reactor types having thermal or near thermal neutron spectra. 

Phase III 

Phase III covers the development of a method to independently check 
the heavy isotope contents of operating fuel elements. Detailed 
procedures were developed to ipply the FLARE code to each of 17 
U. S. power reactors. 
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Research Contract No. AT(38-l)-428 (continued) 
Title 



$ 25,000 
in FY-68 



Analytical and Experimental Methods of Determining 
Heavy Isotope Content of Operating Fuel Elements 

Institution: Combustion Engineering, Inc. 

Principal Scientific Investigators: R. Kern, A. T. Shesler 

Period of Contract: 7/1/67 to 6/30/68 

Background & Principle 

Under previous contracts supported by the USAEC, Combustion Enginee 
ing, Inc., has developed a procedure designated ISOCHECK for calcu- 
lating U-235 burnup and Pu production in power reactors. ISOCHECK 
is not a computer program but is a method or procedure of applying 
existing computer programs (FORM, TEMPEST, SCEPTER, etc.) to 
develop some of the input data necessary to adapt the general 
burnup program (FLARE) to an individual reactor. ISOCHECK combines 
FLARE and another code, CETIC, to permit calculation of the burnup 
and production. FLARE is a computer code which calculates power 
distribution from reactor physics and design data. CETIC converts 
the exposure distribution into a core inventory of nuclear material 
by combining FLARE output and reactor operating data. It should 
be observed that ISOCHECK represents a compromise between accuracy 
of results and simplicity of calculations for determining the heavy 
isotope content in the operating fuel elements of power reactors. 
ISOCHECK must be modified (or updated) if a different fuel element 
is used (cladding, enrichment). 

ISOCHECK has been applied to 17 power reactors in the United States 
However, because of design changes to the Yankee, Dresden I and 
Humboldt reactors, ISOCHECK is no longer valid. 

Although ISOCHECK has worked very well on existing reactors, it 
appears that it may not give as accurate results when applied to 
the much larger reactor cores now being designed. It is desirable 
to determine if and how the procedure can be modified for such 
application. 

Ob jectives 

1. Update ISOCHECK for application to Yankee, Dresden I and 
Humboldt reactors. 

2. Conduct a feasibility study to determine how the FLARE code 
can be expanded for use on large reactors. 

Procedure 

42 



As stated above 



Status as of 6/1/68 



1. Formal reports covering the updating of ISOCHECK for the three 
reactors have been completed. 

2. The feasibility study has been completed. 
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3. Research Contract No. 467 



$ Cost-Free 



Title 



Theoretical Analysis of Plutonium Buildup and Uranium 
Depletion in Power Reactors 

Institution: Atomic Energy of Canada Ltd., Chalk River, Ontario 

Principal Scientific Investigators: M. F. Duret, M. J. Hansall 

Period of Contract: 10/1/66 to 3/31/67 

Background & Principle 

Calculations are required on the plutonium buildup and uranium iepletion 
in the natural uranium heavy water moderated and cooled GANDU 
type reactors, namely, NPD, Douglas Point and Pickering. The work 
will be part of a coordinated programme of research in theoretical 
analysis of plutonium buildup and uranium depletion in power 
reactors. 

Procedure 



Two computer codes were used to perform the calculations: 

(i) LATREP (AECL-2548), which calculates lattice parameters 
for any cell geometry and lattice pitch. LATREP was 
used to evaluate initial Westcott r values, neutron 
temperatures, fast fission ratios and initial values of 
the effective °U capture cross-section. Resonance 
capture in the LATREP cases was multiplied by 0.9, a 
factor which improves agreement with measured relative 
conversion ratios. 

(ii) CARIBOU (AECL-2296) which uses LATREP spectrum parameters 
to calculate isotope reaction rates. The burnup equations 
are integrated and an interpolation routine evaluates 
the isotopic composition of the fuel for specified burnups 
in MWd/te of natural uranium. Isotopic compositions 
are given in kg/te, or gm/kg, of natural uranium. 

Conclusions 



The isotopic composition of irradiated natural uranium fuel was 
calculated for the three reactors NPD, Douglas Point (CANDU-PHW) 
and Pickering, and also for a conceptual 18-rod fuel design 
in CANDU-BLW. Three sets of results were prepared for each reactor. 
These correspond to operation at the design lattice pitch and also 
at pitches chosen to reduce and increase the moderator volume per 
cell by 20%. 

The results are tabulated in two forms: 



(i) at burnup intervals of 500 MWd/te up to 10,000 MWd/te. 

(ii) at irradiation intervals of 0.1 n/kb to 4 n/kb. 

The results of fuel composition versus burnup are also given 
graphically, but only for the normal lattice pitch, as differences 
with changing pitch tend to be rather small. 

Comparison with Experiment 

Precise measurements were made of the composition of an NPD 
bundle irradiated to about 5600 MWd/te. The measured U-235 concen- 
tration relative to its initial value in this bundle was 0.3905. 
This value has been used for interpolating in the CARIBOU tables 
of isotopic composition. The calculated Pu-241 concentration has 
been reduced by 3.57 0 to allow for decay in the 9 months between 
removal of the bundle from the reactor and the analysis of the 
bundle. The final results are tabulated below, the plutonium 
composition being given in atom percentages. 





EXPERIMENT 


CARIBOU 


CARIBOU/EX- 

PERIMENT 


235 

U 


.3905 + .0009 


.3905 




Pu/U (atom ratio) 


.003133 + .000020 


.003136 


1.001 


239 

Pu (atom percent) 


73.34 + .06 


73.49 


1.002 


9 / n 

Pu (atom percent) 


22.04 + -06 


21.94 


.995 


24 1 

Pu (atom percent) 


3.815 + .01 


3.783 


.992 


242 

Pu (atom percent) 


0.812 + .002 


0.790 


.973 
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4. Research Contract No. 468 



$ 7,500 



T itle 

Theoretical Analysis of Plutonium Buildup and Uranium 
Depletion in Power Reactors 

Institution:, United Kingdom Atomic Energy Authority, 

Risley, Lancashire 

Principal Scientific Investigator: B. Cutts 

Period of Contract: 10/1/66 to 9/30/67 

Background & Principle 

Calculations on plutonium buildup and uranium depletion covering 
the natural uranium graphite-moderated gas-cooled reactors of Magnox 
type are required. A great deal of information based upon old 
calculation methods is already available. This will be updated 
by u^ing new methods and computer codes. . 

Plutonium production is affected by geometry, temperature and 
nuclear characteristics of the graphite, fuel, canning and inter-fuel 
materials. To cover even a relatively small number of these factors 
and their interactions, at (say) three levels, would have; resulted 
in an extremely large number of cases. It was therefore decided 
to reduce the investigation to a practical size by restricting the 
study to the following variables which are parametric in the 
calculation: 

(a) Moderator/fuel volume ratio 

(b) Resonance integral of U-238 

(c) Moderator temperature 

(d) Mean fuel rating 

To assess the range of variation to be covered in the investigation, 
a general survey of the design features of existing UK magnox 
reactors was carried out. The parameters varied to some extent 
within the reactor cores and with the operating condition of 
the reactor but a representative range for normal conditions of these 
reactors was chosen for this study. 

Procedure 



Plutonium Production Calculations 



The calculations of plutonium production were carried out using the 
method of lattice calculations known as ARGOSY. In this method, 
the mean fuel and moderator data for the lattice cell are evaluated 
in three energy groups. Below 4 eV a generalised heavy gas 



thermalisation model is assumed, together with a collision probability 
technique for transport effects. In the resonance region between 
4 eV and 10 keV an effective resonance integral of U-238 is used 
which is consistent with Hellstrand's values. Above 10 keV a few- 
group collision probability method is employed. The effect of cell 
environment is allowed for through energy dependent bucklings. 

A comparison of predictions of plutonium build-up using ARGOSY and 
mass spectrometer measurements made on samples taken from fuel 
irradiated in the Calder Hall and Windscale A.G.R. reactors has 
been completed. Although it was shown that the agreement between 
theory and measurements is quite good, the author suggested modifi- 
cations to the ARGOSY library data which would improve the agreement; 
these have been incorporated in the present study. It should be 
noted that the modifications are introduced only for the purpose 
of calculating plutonium production. 

Burn-up Calculations 

The calculations were carried out using a typical C.E.G.B. Bradwell 
reactor lattice cell as the basic lattice, and perturbing it to 
give the required values of the parameters. 

In the ARGOSY method it is necessary to input thermal flux hyperfine 
weighting factors for the can and end cap materials. These were 
assessed by representing the fuel element in RZ geometry with the 
end cap material smeared out over the appropriate region, and 
carrying out a thermal group diffusion theory calculation with zero 
flux gradient boundary conditions at the edges of the cell. The 
calculation indicated flux weighting factors relative to the fuel 
of 1.20 for the cans and 1.69 for the end cap materials. The 
latter value seems to be high and would be reduced if the gap 
materials had been more localised in the calculation. However, trial 
ARGOSY calculations with values of the flux weighting factor in 
the end cap region of 1.69 and 1.20 showed negligible difference 
in the total build-up of plutonium at 5000 MWd/teU. This calculation 
illustrates that plutonium production is quite insensitive co large 
variations in the amounts of magnox material present in the fuel 
cell even though the reactivity might be adversely affected. 

In a reactor situation the presence of vacant lattice positions in 
the core can result in the reactor spectrum being significantly 
different from that of the full lattice spectrum. With the ARGOSY 
three-group scheme of lattice cell calculation, some allowance for 
this effect is possible by a technique in which "f ictitious : ' 
bucklings are input to produce the change to the lattice spectrum. 

To determine an estimate for the bucklings, an ARGOSY burn-up 
calculation was performed on the Bradwell lattice cell and the 
three-group nuclear parameters were time-averaged over an irradiation 
range from 0 to 3500 MWd/teU. A 5 x 5 supercell calculation was 
then carried out with a central vacancy surrounded by the 24 
channels having the time-averaged properties and the average three- 
group fluxes in the surrounding cells determined. The 5x5 array 
was selected as typical of the control densities expected, although 
Bradwell is actually 1 in 18. The average buckling in the cells 
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surrounding the vacancy were then obtained for each group by solving 
the appropriate equations. These calculated buddings were , then 
used in the final set of ARGOSY calculations. 

The ARGOSY output, relevant to the present study, comprised the 
number densities of uranium and plutonium isotopes in the irradiated 
fuel at approximately 200 MWd/teU intervals up to 5200 MWd/teU, A 
data processing programme was developed for the IBM 7090 which used 
a quadratic interpolation to give the number densities at exactly 
200 MWd/teU intervals and then calculated the quantities required 
in accordance with the appropriate equations. The use of 3rd and 
4th order interpolation was investigated and found to have no 
significant effect on the calculated values. The results for 
each case were then printed out in tabular form ready for photographic 
reproduction. 

Conclusions 



The total plutonium and Pu-240 concentrations at 5000 MWd/teU, ex- 
pressed as a percentage of the total plutonium, have been averaged 
to illustrate the main effects of the parameters considered in this 
study. It was observed that changes in moderator/fuel volume ratio 
and moderator temperature have the largest effects on total 
plutonium and % Pu-240 and that even these over the range considered, 
do net alter the total plutonium concentrations by more than 6%. 

The effects of altering the resonance integral and rating are not 
more than 1%. When considering variations of the order of 1%, it 
is worth noting that some of the assumptions necessary to specify 
the problem yield effects of this magnitude; for example, the 
effect of including fictitious bucklings in a typical ARGOSY 
calculation is to increase the total plutonium at 5000 MWd/teU 
from 2,872 to 2,901 kg/teU, an increase of about 1%. 
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5. Research Contract No. 495 



$ 30,000 



Title 



Theoretical Analysis of Plutonium Build-up and Uranium 
Depletion in Pressurized Water and Boiling Water Power 
Reactors 

Institution; I. V. Kurchatov Atomic Energy Institute, Moscow, USSR 
Principal Scientific Investigator; Professor S. U. Feinberg 
Period of Contract: 1/1/67 to 6/30/68 

Scope of Contract 

The study is intended to provide basic material for further 
investigations on plutonium recycling as well as for practical 
application which is of interest to the Division of Safeguards and 
Inspection as well as the Division of Nuclear Power and Reactors. 

The calculations on plutonium burnup and uranium depletion will 
cover pressurized water power reactors and boiling water power 
reactors, for varying basic reactor parameters such as fuel enrich- 
ments, type of fuel cladding, size of fuel elements etc., in 
a wide range of fuel burnups employing the techniques, methods and 
information developed in the Soviet Union. 

The study of PWR and BWR fuel burnup and plutonium buildup will 
include a large number of gases covering many variables. The 
sequence of work is expected to be as follows: 

1. assembling available source data on reactor parameters and 
nuclear data; 

2. developing the computer programme for this specific requirement; 

3. calculations on the computer; 

4. checking the calculations against other available data; 

5. presenting the results in the form of graphs and tables required 
for the safeguards activities; 

6. preparing the report on the project. 

The total financial support desired from the Agency for the two 
years' project will be $3p,000. This would represent only a small 
part of the total expenditure for carrying out the work. 
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6. Research Contract No. 513 



$ 31,000 



y 







Title 

Theoretical Analysis of Plutonium Buildup and Uranium 
Depletion in Pressurized Water and Boiling Water Power 
Reactors 

Institution: Battelle Memorial Institute, PNL, Richland, Washington, 

U. S. A. 

Principal Scientific Investigators: E. A. Eschbach, D. E. Deonigi 

Period of Contract: 6/15/67 to 6/14/68 

Background & Principle 

Calculations are required regarding the buildup of plutonium and 
the depletion of uranium in typical reactors in the United States. 

Procedure 



Typical pressurized water reactor (PWR) and boiling water reactor 
(BWR) designs selected for study are, respectively, Diablo Canyc/n 
and Browns Ferry. Uranium and plutonium isotopic depletion and 
yield data for each of these G^signs were calculated by ZODIAC 
code for operation at 1000 MWe. Additional calculations to evaluate 
effects of UO 2 fuel rod diameter and of moderator/fuel volume ratio 
variations were also made. Comparison of ZODIAC-derived data with 
available analytical data, including consideration of changes in 
operating conditions for exposures first to about 14,000 and 
subsequently to about 24,000 MWD/Te in a PWR, indicates good 
correlation. Analytical data for BWR isotopic depletion and 
yields are not yet available, with adequate definition of operating 
conditions leading to compositions reported, to permit a detailed 
comparison with calculated data as for PWR. Comparisons between 
PWR and BWR calculated data are expected, however, to lead to valid 
conclusions concerning isotopic composition and yield differences 
anticipated under operating conditions . * 

ZODIAC calculations, if carried out for each of the 360 cases forming 
the subject of this study, would require not less than 180 on- 
line hours of computer time. Battelle-Northwest 1 s ALTHAEA code, 
calibrated to provide calculated data equivalent to those derived 
by ZODIAC, will be employed rather than ZODIAC for the bulk of 
the calculations. Costs for ALTHAEA machine time a::e only a small 
fraction of similar costs for ZODIAC. Code calibration, consisting 
essentially of adjustment of variable code input values to provide 
calculated data equivalent to those obtained from other sources 
such as ZODIAC or analytically determined values, has been completed. 

Computer code calibration studies, referred to above, have been 
performed for cases using zircaloy-2 clad enriched UO 2 fuel for 
the reference PWR and BWR designs. Several ALTHAEA code calculations, 
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at conditions identical with zircaloy-clad cases except for the 
substitution of stainless steel as cladding material, have also been 
completed. The magnitude and direction of changes in isotopic 
depletion and yields resulting from the introduction of additional 
parasitic neutron absorptive material is illustrated by these data. 

Conclusions 



The desired calculations are being completed, based upon PWR and 
BWR design data and certain simplifying assumptions, for selected 
cases of stainless-steel clad and zircaloy-clad fuels. 
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C. Fuel Element Analysis 
Non- Destructive 

1. The Development of a Method of Nondestructive 

Analysis to Determine the U-235 and Pu Content 
of Irradiated Fuel Elements That Are in Storage 
Under Water and That Have Been Out of the Reactor 
for Periods of More Than One Month (IAEA) 4/RB ’ 53 

2. Nonck jtructive Method for Evaluating the U-235 
and Pu Content of Irradiated Fuel Elements (IAEA) 

5/RB 54 

3. Research, on the Nondestructive Analysis of 
Irradiated and Unirradiated Fuel Elements for 

Nuclear Reactors (IAEA) 7/RB 56 

4. Nondestructive Analysis of Irradiated Fuel 
Elements Using a Flux Integrating Monitor (IAEA) 

41/RB 57 

5. Nondestructive Analysis of Irradiated Fuel 

Elements by Gamma Ray Scanning (IAEA) 47 /RB 59 

6. Development of a Method of Nondestructive i 

Analysis of Irradiated Fuel Elements for Uranium- 

235 and Plutonium Content by Monitoring and 
Spectrometry (IAEA) 87 /RB 61 

7. A Feasibility Study of Nondestructive Assay of j 

Plutonium-239 in Irradiated Fuel Rods Using Slowing 

Down Time Spectrometer (IAEA) 92/RB 64 I 

8. Nondestructive Analysis of Irradiated Fuel 
Elements by Establishing a Reliable Correlation 
Between One or More Gamma Lines From the Fission 
Products and the Burn-up. of Irradiated Fuel Elements 

or Samples (IAEA) 163 /RB 66 ! 

9. Nondestructive Testing of Fuel Elements by Mean* j 

of Compton Recoil Spectrometry (IAEA) •• 180/RB 69 

10. A Gamma-Ray' Scanner for Safeguards Use (USAEC) 71 I 
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11. The Fuel Assay Scanner (USAEC) 72 

12. Field Testing of the Fuel Assay Scanner (USAEC) 73 

13. A Method for the Nondestructive Analysis of 

Power Reactor Fuel Elements (USAEC) 74 

14. Nondestructive Assay of Nuclear Fuel (UEAEC) 75 

15. Nondestructive Analysis of Burnup in Irradiated 

Fuel Elements (USAEC) 77 

16. Pulsed Neutron-Research for Nuclear Safeguards 

(USAEC) 78 

17. Investigation of Photoinduced Reactions for 

Non-destructive Nuclear Materials Safeguards 
Applications 90 

18. Laser Microprobe Analyser (USAEC) 96 

19. High-Resolution Gamma Spectrometry for Analysis 

of Irradiated Fuel (USAEC) 98 

20. Isotopic Composition by Delayed Neutrons-. 

Unirradiated Fuel (BMwF) 101 

21 Gamma-Ray Assay of Pu-238 in Waste Drums (USAEC) 102 

22. In-Line Gamma-Ray Assay of Pu-238 in Waste 

Cans (USAEC) 103 

23. Safeguards Applications of Precision Mass 

Spectrometry (ACDA) 105 

24. Plutonium and Uranium Content in Fresh Fuel 
Elements Using Slowing-Down Time Techniques 

(BMwF) 107 

25. Plutonium and Uranium Content in Unirradiated 

Fuel Pins (BMwF) 108 

Destructive 

26. Destructive Analysis of Unirradiated and 

Irradiated Fuels (IAEA) 121 /RB 109 

27. Service Contract — Analysis of Irradiated Fuel 

Plate from BGRR (Brookhaven Graphite Research 
Reactor) (IAEA) 314/RB 110 
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1. Research Contract No. 4 



$ 25 , 000 



Title 

The Development of a Method of Nondestructive Analysis to 
Determine the U-235 and Pu Content of Irradiated Fuel 
Elements That Are in Storage Under Water and That Have 
Been Out of the Reactor for Periods of More Than One Month 

Institution: Commissariat a l'Energie Atomique , France 

Principal Scientific Investigators: V. Raievski, B. Sautiez 

Period of Contract: 1/17/59 to 12/31/60 

Background & Principle 

Measuring the plutonium content of irradiated fuel elements is one 
of uhe problems of accounting of fissionable materials. The method 
of. measurement, if based on fission induced by thermal neutrons, 
must rely on a significant physical difference between the U-235 
and Pu nuclei. Here a method based on the difference of probabilities 
for the' emission of certain numbers of neutrons during fission by 
U-235 and Pu nuclei was examined. 

Procedure 

Measurements were -made with uranium and plutonium samples. The 
results indicated that the method could clearly distinguish between 
U-235 and. Pu but, with the technique applied, the method could not 
. determine the actual quantity of Pu with any accv?.ptable accuracy. 

A number 1 of improvements were suggested. 

Conclusions 



Further efforts would be required to improve the method before it 
could be applied to routine testing of fuel elements . 



2, Research Contract No. 5 



$ 8,000 



Title 

Nondestructive Method for Evaluating the U- 235 and Pu 
Content of Irradiated Fuel Elements 

Institution: Centre d'Etude de l'Energie Nucleaire 

Mol, Belgium 

Principal Scientific Investigators: J. Juliens, F. Motte, J. Bai 

l 

Period of Contract: 12/20/58 to 12/31/60 

Background & Principle 

The proposed method is a contribution to the solution of this complex 
problem; it consists of determining the concentration of U-235 and 
Pu-239 atoms by counting the prompt fast neutrons and the delayed 
fast neutrons emitted by the element when exposed to a beam of slow, 
low-intensity neutrons. 

The prompt and delayed "secondary" neutrons emitted by the element 
being analyzed can be discriminated from the slow "primary" neutrons 
bombarding the element on the basis of their differences in energy. 
The proposed method involves various calibrations. 

Procedure 



A beam of low energy neutrons, i.e. thermal neutrons contaminated 
by intermediate neutrons, was emitted by the BR-1 reactor and 
bombarded the fuel element being analyzed. £he sl^w flux at the 
site of irradiation was approximately 2 X 10 n/cm /s. 

The fast neutrons, both prompt and delayed, were detected by scintil- 
lation in crystals containing charges of B and ZnS(Ag) mounted on 
photomultiplier tubes . 

Conclusions 



The results obtained appeared to be within 7% of the true uranium 
content of the fuel element tested. 

The resulting accuracy could be very easily increased by using a 
beam of higher intensity or by increasing the geometrical efficiency 
of the counting device, which in these tests was very low as only 
one crystal was used. 

This method has its attractive aspects and also its drawbacks, 
Although the tests were carried out with inactive elements only, 
the method could, it would appear, be adapted to the analysis of 
irradiated elements without the high activity of the fission products 
constituting a major obstacle. 
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On the other hand, a possibly serious remaining problem is the in- 
fluence on the results of the distribution of fissionable nuclei 
inside the irradiated fuel elements. 



3. Research Contract No, 7 



$ 3,500 



Title 

Research on The Nondestructive Analysis of Irradiated 
and Unirradiated Fuel Elements For Nuclear Reactors 

Institution: USAEC, subcontracted to Westinghouse, U. S. A, 

Principal Scientific Investigators: S. L. Ruby, D. G. Gardner 

Period of Contract: 3/19/59 to 6/18/59 

Background & Princip le 

At the request of the Agency, the USAEC undertook a conceptual study 
to makfc a review, study and analysis of available unclassified 
information on the subject of nondestructive analysis of irradiated 
and unirradiated fuel elements for nuclear reactors, and submit 
to the IAEA a report based thereon containing the following informa- 
tion: 

1. a review of the results of studies already undertaken in this 
field; 

2. a determination of the areas that appear to be most: promising 
for future research; 

3c recommendations as to the best lines for future research to be 
undertaken. 

Procedure 



At the time the Agency invited the USAEC to undertake this project, 
the Westinghouse Electric Corporation was actively engaged in the 
large Nuclear Materials Control System study for the Atomic Energy 
Commission. Since a professional staff was already working on such 
a closely related study, it was deemed that this project could be 
completed most efficiently and economically by an amendment to the 
existing contract* Accordingly, Westinghouse Electric Corporation 
was selected as sub-contractor to conduct this study. 

Conclusions 



This study resulted in the preparation of a report by Westinghouse, 
WCAP?6014, titled "Survey and Selected Bibliography of Reactor Fuel 
Element Assay Systems* 1 (6/10/59). This report contains a selected 
bibliography of 109 references on the nondestructive assay of 
irradiated and unirradiated reactor fuel assemblies. The report 
also includes a discussion and evaluation of these papers in the 
light of the problems presented by variations in enrichment, alloying, 
cladding, and geometrical arrangement, among the many kinds of fuel 
assemblies. A description of the. theory of each method, , the equip- 
ment utilized, and estimates of the precision obtainable are presented. 
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4. Research Contract No. 41 



$ 5,200 



Title 



Nondestructive Analysis of Irradiated Fuel Elements Using 
a Flux Integrating Monitor 

Institution: Institute of Nuclear Research 

Warsaw, Poland 

Principal Scientific Investigator: J. Aleksandrowicz 

Period of Contract: 12/14/59 to 7/14/61 

Background & Principle 

The purpose of this contract was to determine burn-up in a two 
megawatt water cooled and moderated research reactor using cobalt 
wires attached to the reactor fuel elements. Fuel elements (10% 
enrichment) are made of U-Mg-ceramics, cylindrical in shape and A1 
clad. Burn-ups of 1.2 to 4,4% were investigated. 

Procedure 



The total burn-up in a fuel element was determined by integrating 
the burn- up in a cross section of the fuel element throughout its 
length. The detector selected was Co-59 in the form of a special 
Co-Al alloy. After irradiation in the reactor the activity of each 
centimeter of wire was measured by means of a scintillation counter. 
The integration of the activity distribution along the fuel rod was 
proportional to the burn-up in that rod during the time that the wire 
was attached to it. 

The purely theoretical correlation between the activity of the 
monitor and the burn-up is complicated by the following two facts 
among others: 

5 9 

(a) The neutron absorption cross section of Co J has two 
strong resonances at 135 eV and at 5000 eV; 

(b) The neutron spectrum (especially the resonance spectrum) 
is different in the periphery of the fuel elements and 
within them. 

For this reason a direct calibration of the method was necessary. 
Conclusions 



The need for calibrating the method by way of a special test loop 
for each type of fuel element and reactor makes its application 
difficult. The technical problems associated with attaching and 
detaching the wires to and from the fuel elements are serious. 
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The main source of error appeared to be in the detector itself, i.e. 
lack of uniformity in the diameter of the wire and/or in the 
distribution of Co along the wire. 

The final answer regarding the possible accuracy of this method would 
be given by a chemical analysis of one or more of the monitored fuel 
elements. It has not been possible so far to perform such an 
analysis . 



5. Research Contract No, 47 



$ 16,000 



Title 

Nondestructive Analysis of Irradiated Fuel Elements by 
Gamma Ray Scanning 

Institution: Institutt for Atomenergi 

Norway 

Principal Scientific Investigators: P. Kristiansen, T. Rogeberg 

Period of Contract: 12/16/59 to 12/31/61 
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Background & Principle 

In response to a request by the IAEA, the Institutt for Atomenergi 
submitted a proposal to the Agency to study the use of gamma- 
scintillation spectroscopy as a means of identifying and measuring 
the concentration of one or more fission products in irradiated 
fuel elements. If the concentration of the fission products could 
be determined, one would in principle have a measure of the burn-up 
of the fissile material. 

During the discussions on the above proposal between representatives 
from IAEA and IFA, a variant of the proposed method was suggested 
by the IAEA representative. Excitation of characteristic X-rays 
from uranium and plutonium by^5-and -rays from fission products 
should offer the possibility of measuring the concentration ratio 
of the heavy elements in irradiated fuel elements. 

It was decided to examine both methods: 

Method I : 

By use of a crystal spectrometer, an attempt has been performed 
to measure the intensity of the fc©c lines from Pu, relative to 
those of U. By this method, one aims at measuring the Pu 
content of the fuel. 

Method 2 ; 

By use of a scintillation spectrometer, the gamma spectrum 
from fuel samples has been measured. From this, one has tried 
to determine the content of the isotope Cs-137, and, thereby, 
the burn-up of U-235. 

Procedures and Conclusions 



Method 1 : 

Using test sample irradiated fuel slugs one was able to resolve 
and identify the Ka-^ lines in the second order spectrum from 
Pu and U. Measuring on test slug 1, the UKa^ peak was visable; 
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the counting rate, however, was very low. No Pu peaks appeared. 
Measuring on test slug 2, the UKa-^ peak was clearly visable, and 
a small peak appeared which partly may be due to the Pu Ka^ X-rays. 
The composition of the peak will have to be established by further 
experiments involving higher Pu concentrations. 

If the peak is solely due to Pu Ka^ emission this would indicate a 
very great concentration of Pu in the outer layers of the rod. 

No estimate of the Pu content could be performed from the measure- 
ments, and the method seems not suitable for measuring such low 
Pu concentrations as occurred in the available test slugs. 

The method is expected to be more successful when higher Pu concen- 
trations are involved. 

Method 2 ; 

The first main problem was to separate the 0.661 MeV Cs-137 line 
from the 0.724, 0.759 and 0.764 MeV activities due to Zr-95 - Nb-95 
decay. 

The second main problem was to relate the measured Cs activity to 
the Cs-137 content of the rod, taking into account attenuation in 
the collimators, radial distribution of fission products and other 
geometrical corrections. 

The final value for the Cs content agrees with the results of the 
chemical analysis within 25%>. 

Allowing for a possible 10% error in the quoted data for the fission 
yield of Cs-137, it seems that the burn-up of U-235 has been 
determined within an error of 35%. 

It is believed that by improving the experimental conditions as to 
background, etc., the Cs content could probably be determined with 
an accuracy of 10 - 15%>. 













6. Research Contract No. 87 



$ 22,000 



Title 



Development of a Method of Nondestructive Analysis of 
Irradiated Fuel Elements for Uranium-235 and Plutonium 
Content by Monitoring and Spectrometry 



Institution: SNAM-Laboratori Riuniti Studi E Ricerche 

San Donato Milanese, Italy 

Principal Scientific Investigators: R. Renzoni, G. Cristiani 

Period of Contract: 12/15/60 to 11/30/63 

Background & Principle 

One of the most important variables for the operation of nuclear 
reactors is the U-235 fraction burnt-out in the fuel element. 
Secondly, it is important to know the amount of plutonium produced 
(especially in natural uranium fuel elements where the plutonium 
value is particularly relevant from an economic point of view). 

Unfortunately, no method of analysis of the above isotopes in fuel 
elements has been found up to now that would combine precision, 
speed of measurement and low cost. 

The analysis is usually performed destructively, i.e. a certain 
element is dismantled and samples of fuel elements are taken which, 
after radiochemical manipulation, are finally analyzed by mass 
spectrometr ic methods. 

A review of possible nondestructive methods indicates the only one 
involving low cost is the measure of the integrated total neutron 
flux by means of activation of special wires (e.g. cobalt) placed 
near the fuel. It is recognized, however, that this approach too 
has difficulties, especially in that there seems to be no simple 
way to take into account the influence of the flux spectrum which, 
in a large reactor varies over the distribution of the fuel elements 
and besides the results are dependent on the variation of the power 
of the reactor with time. 

To avoid, at least in part, this difficulty, it has been proposed 
to replace the wire with a film of uranium to be attached on the 
surface of a fuel element and to measure, after the fuel element 
has been discharged, the quantities of uranium-235 burned<-out 
and plutonium produced in the film itself by means of their alpha 
spectra . 

Of course, the above values, once determined, should be correlated 
with the quantities of the same isotope inside the fuel elements 
and this requires the establishment of a correlation theory. 
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Purpose of the present work is to investigate the feasibility of the 
method proposed, i.e. to find out under which conditions and with 
which accuracy it is possible to determine the shape of the alpha 
spectra, both in unirradiated and irradiated uranium films. 

Procedure 



The method investigated consisted of the irradiation of thin uranium 
films contained in suitable boxes attached at the surface of the 
fuel elements and the subsequent counting of the spectrum of the 
alpha emitters when the elements are discharged. The ratios of 
the areas of the uranium-235 and plutonium lines with the area of 
the uranium-238 line should determine (taking into account the 
disintegration constants also) the concentration of uranium-235 and 
plutonium. The values can afterwards be correlated with the amounts 
of these isotopes in the fuel element itself by means of theoretical 
calculations . 

Two major difficulties have been overcome during this work. First, 
because of the recent development of semiconductor detectors for 
alpha particles, resolution values in the range of 0. 8-0.4% were 
attained for the alpha spectra of uranium. Second, it was found 
that alpha spectra measurements on irradiated 207a enriched uranium 
were influenced by the high beta background due to the activation 
of the uranium film. This background caused such an enlargement 
of the alpha lines that there was no possibility of distinguishing 
the peaks due to the various isotopes. To eliminate this background, 
methods of reprocessing the uranium film have been developed with 
good results. 

Based upon the developmental work, a practical application of the 
method would consist of the following steps: 

1. Choose for film preparation uranium of such enrichment, based 
on foreseen burn-up, that the post-irradiation enrichment will 
be approximately 14%. 

2. By evaporation under vacuum, deposit a layer of the uranium 
approximately 200 A thick on high purity aluminum discs of 20 
mm diameter and 1 mm thickness. 

3. Determine the U-235/U-238 ratio using semi-conductor detectors. 

4. Place a disc in a suitable container which is then sealed and 
leak tested. 

5. Attach sealed container to fuel element. 

6. After irradiated fuel element is removed from reactor, open 
container and remove disc. 

7. Separate the uranium and plutonium by dissolving in nitric acid 
and extracting with TBP. 



8. 



Count the samples using semi-conductor detectors and determine 
the ratio of the interesities of U-235 and Pu line with the 
U-238 line. 

9. Correlate, by theoretical calculation, the U-235 and Pu present 
in the specimen (disc) with the quantities of the same isotopes 
within the fuel element. 

Conclusions 

Considerable work has been carried out in studies and researches 
with the aim of assessing a method to measure with the required 
accuracy the alpha spectra both in unirradiated and irradiated 
uranium. 

At this point we can state that the two principal difficulties 
(the high resolution required and the reduction to tolerable levels 
of the beta background of the irradiated uranium) have been over- 
come and a possible sequence of operations for the practical 
application of the method has been established. 

"We can state that the work performed at our laboratories has lead 
to the development of equipment and methods suitable for the analysis 
of uranium- 235 and plutonium by means of alpha spectrometry. The 
application of these methods to fuel elements rests on the possibility 
of obtaining a correlation between the quantities of those isotopes 
in the specimens attached externally on the fuel elements and the 
quantities of the same isotopes in the fuel elements. We think that 
this correlation can always be obtained by calculations knowing 
the detailed characteristics of each particular reactor". 

We would like to recommend that a realistic experiment be done in 
which a fuel element is irradiated in conjunction with uranium 
films so as to make an experimental correlation between the results 
from the films arid the fuel element itself. This experiment would 
be the natural continuation of the present research. 
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7. Research Contract No. 92 



$ 30,000 



Title 



A Feasibility Study of Nondestructive Assay of Plutonium- 
239 in Irradiated Fuel Rods Using Slowing Down Time 
Spectrometer 

Institution: Atomic Energy Establishment 

Trombay, India 

Principal Scientific Investigators: R. Ramanna, P. K. Iyengar 

Period of Contract: 12/1/60 to 9/1/65 

Background & Principle 

It is known that in case of heavy moderators and for sufficiently 
high neutron energies, the neutron distribution is given by a 
Gaussian form, with a constant dispersion. However, when the 
neutron energy approaches the energies associated with thermal motion 
and chemical binding, the dispersion is no longer constant and is a 
function of energy. 

Procedure 



o 

Using a 400 KV neutron source and 200 cm J lead assembly, a lead 
spectrometer has been constructed. The energy calibration and the 
slowing down properties both above and below 1 ev were investigated 
using capture gamma rays from resonance absorbers such as Ag, 

Au, Ho, Tb, In, Cd etc. 

U-235 and Pu-239 have similar fission cross section between .1 ev 
to 1 ev except at .3 ev where Pu-239 has a resonance whose value 
is about 20 times, that of U-235. Two samples of plutonium of about 
150 mg/cm^ and 45 mg/cm^ were used in the feasibility studies. 

It was seen that even with a thick sample and isotropic neutron 
distribution, it was possible to resolve the fission peak at .3 
ev. By comparing the fission rate of Pu to that of U-235 present 
in the natural uranium, it was possible to estimate the number 
of plutonium atoms within 20%. The present accuracy in estimation 
of Pu can be improved, using better counting statistics. 

In this method of analysis, the thermal motion influences the slowing 
down process at the plutonium resonance energy of .3 ev. The 
measurements, undertaken to study the slowing down process both as 
regards mean slowing down time and dispersion, indicate that the 
energy range of a lead slowing down spectrometer can be extended to 
energies of the order of .2 ev provided the effects of thermal 
motion and chemical binding are taken into account. 



Because of the lack of an intense neutron source, the method could 
not be applied to the case of an irradiated sample. However, from 
the data obtained with the plutonium sources, a method of analysis 
that could be. followed in the case of irradiated samples is 
outlined. 

Conclusions 

A new approach to the problem of nondestructive assay of fissile 
material has been investigated and it has been shown that by using 
a slowing down time lead spectrometer and making use of the 
difference in fission cross section of U-235 and Pu-239 in the 
0.1 ev to 1 ev region, it is possible to estimate their concentration 
in case of irradiated samples. 

A method of estimating U-235 burn-up and Pu-239 production in case 
of irradiated sample is outlined. This is based on studying the 
fission yield at two energies besides the resonance energy. 
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8. Research Contract No. 163 



$ 29,000 



Title 

Nondestructive Analysis of Irradiated Fuel Elements by 
Establishing a Reliable Correlation Between One or More 
Gamma Lines From the Fission Products and the Burn-up 
of Irradiated Fuel Elements or Samples 

Institution: Chalmers University of Technology 

Gothenburg, Sweden 

Principal Scientific Investigators: N. Ryde, J. Rohlin 

Period of Contract: 12/10/62 to 4/25/65 

Background & Principle 

The research project undertaken under this contract concerns a 
nondestructive analysis of irradiated reactor fuel elements by 
establishing a reliable correlation between one or more gamma lines 
from the fission products and the burn-up of irradiated fuel 
elements or samples. 

The methods used for nondestructive burn-up analysis of reactor fuel 
elements have been intended for technical as well as for control 
purposes. For both purposes it is desirable to have a reliable 
nondestructive technique that is applicable to full scale fuel 
elements which have been subjected to high irradiation doses, i.e. 
particularly elements from power reactors. For control purposes it 
is also highly desirable to have a method that can be applied at 
an arbitrary time of radioactive cooling of the fuel elements. In 
this connection only long irradiation times of the order of one 
or several years are of current interest unless very special studies 
are made. By comparison of the different methods it must be kept 
in mind that the fact that strongly irradiated fuel elements from 
power reactors are to be investigated means that even an instrument 
of very low total efficiency can be used* It is reasonable to believe 
that the intensity will be sufficient to make it possible to study 
gamma lines from several fission products and this has been 
established in this investigation. Instead the highest possible 
resolving power must be used owing to the complex nature of the 
radiation emitted from the fission products. If one or several gamma 
lines from the fission products are used for the burn-up calculations, 
a resolution of about one percent is necessary for energies below 
1 MeV. 

Procedure 



A review was made of the methods used up to now for the nondestructive 
analysis in question. The characteristics of the methods are as 
follows: 



Method 



Notes 



1. Nal spectrometer 



2. Solid state Compton 
spectrometer 



3. Magnetic Compton 

spectrometer 

4. Bent crystal spectrometer 



5. 3-crystal scintillation 
pair spectrometer 



Multichannel technique 
Easy to use 
Difficult ba c kgr ound 
problems 

Multichannel technique 
Compact spectrometer unit 
Complicated electronics 
Difficult background 
problems 

Point-by-point method 
Heavy machinery necessary 

Point-by-point method 
High resolution 
Easy to use 
Moderate machinery 

Mult icha nne 1 technique 
Compact spectrometer unit 
Complicated electronics 
Difficult background 
problems 



Beside the methods listed above, there are other possibilities which 
either have not yet been tried or have proved to be less suitable 
for nondestructive burn-up analysis of fuel elements. 



They are: 



1. Germanium (Li) Spectrometers 

2. Flat Crystal Diffraction Spectrometers 

3. External Gamma-electron Conversion Methods (Using a Double 
Focusing Magnetic Beta-ray Spectrometer) 



A brief discussion of these methods is presented. 



It is well known that the U-235 content and the burn-up of fuel in 
a fuel element can be determined by measuring the intensity of one 
or several gamma lines from fission products of known fission yield. 
Owing to the extremely complicated spectrum, a high resolution 
instrument is needed for this analysis. Recognizing the necessity 
to resolve gamma lines in the energy region of interest, it was 
decided to build a line source diffraction spectrometer. Such 
an instrument should also have a particular merit in permitting 
studies of very narrow parts of a fuel rod or plate. 

The design details are presented for a large crystal diffraction 
spectrometer having a crystal radius of 4 meters. 



Conclusion 



By measurements on a small sample of reactor fuel subjected to a 
burn-up of 270 MWd/t UO 2 it has been clearly demonstrated that it 
is possible to see gamma lines from fission products with a bent 
crystal spectrometer. Gamma lines from the decay Zr-95 — Nb-95 
— Mo-95 were found. Due to the very short irradiation time 
of 8 days no attempt was made to find the 661 keV line in the 

28 years decay Cs-137 Ba-137. Neither was any attempt made to 

estimate the burn-up from the gamma lines measured, because these 
originate from decays of short half-lives. From the experimental 
results it could be calculated that burn-up measurements at several 
gamma lines are possible to perform when a sample of a long-time 
irradiated full scale element is investigated. 
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9. Research Contract No. 180 



$ 48,800 



O 

ERIC 



Title 

Nondestructive Analysis of Irradiated Fuel Elements by 
Means of Compton Recoil Spectrometry 

f V 

Institution: Oasterreichische Studiengesellschaft fur 

Atomenergie 
Vienna, Austria 

Principal Scientific Investigator: P. Weinzierl 

Period of Contract: 12/17/62 to 12/16/64 



Background & Principle 

A method was to be developed which allows of the nondestructive 
determination of burnup of irradiated fuel elements. Gamma 
spectroscopy is well suited to this, especially if a measurement of 
/ Cs is obtained. Due to the 30 y half-life of this isotope 
an effective integration over the irradiation history of the fuel 
is achieved for the commonly found burning and cooling times. 

Due to other intensive gamma lines in the neighbouring fission 



product spectrum (^Zr- yD Nb), the measurement of iJ/ Cs requires a 
high resolution gamma spectrometer, otherwise excessively long cool- 
ing times of the order of one year would be necessary. 

Procedure 



137, 



An energy resolution of about 2% for the 662 keV line of -*-^Cs is 
required to solve the problem stated above. When the contract was 
started, only one gamma spectrometer existed which met this require- 
ment, a large diffraction spectrometer made to very stringent 
mechanical specifications and of high cost. 

The use of a Compton spectrometer using a new large type of semi- 
conductor detector as scattering crystal was suggested by the 
contractor. The main technological problem was to obtain a 
semi-conductor detector with a depletion layer of a few millimeters 
thickness and a homogeneous charge collection characteristic. 

The first detector produced on special request met the latter 
requirement only in an unsatisfactory way. But the feasibility of 
a semi-conductor Compton spectrometer with the required resolution 
could be demonstrated. During the period of this contract three 
continuously improved experimental set-ups were developed. The 
last one had already the form of a very compact, transportable and 
completely-transistorized system. It contained a spectrometer 
head with heavy metal collimator, a lithium-drifted silicon detector 
(3 mm depletion layer) cooled in vacuum to liquid nitrogen temperature 
and a Nal-crystal with a through-hole for the detection of the 
backscattered Compton-quanta . A special preamplifier and amplifier 
system was used for the semi-conductor detector channel. A 
commercial amplifier and coincidence system with double delay-line 
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shaping and zero crossing timing operation was used and the coin- 
cidence spectrum was stored in a multi-channel analyzer. 

A scanning machine for MTR fuel elements was installed in the ASTRA 
reactor pool together with a collimator through the wall into 
an adjacent chamber. Calibrations and routine measurements on MTR 
fuel elements and other fuel probes were carried out. 

Conclusions 

A resolution between 12 and 15 keV (full width at half maximum) was 
obtained with the last set-up. This allows a ^^Cs determination 
in a fuel element after two weeks of cooling (or longer) . 

A quantitative check of this burnup measurement method was carried 
out as follows: the irradiation of a fuel element was first 

determined by the activation of 15 cobalt wires distributed within 
the element during irradiation. It yielded a burnup of 37.6 mg 
+ 7% ^ ^U. The scanning of the element by means of the Compton 
spectrometer resulted in a burnup of 36.1 mg .^u, Although this 
agreement is better than the statistical and other errors, an 
overall accuracy of 10% of this method seems to be a conservative 
estimate. 

The use of a semi-conductor detector Compton spectrometer measuring 
the 3 'Cs line allows a nondestructive burnup determination with 
an accuracy of about 10%, 
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A Gamma-Ray Scanner for Safeguards Use (10/30/59) 



WCAP-6030 



C. C. Webster 

A gamma-ray scanner can be used to identify irradiated power reactor 
'uel assemblies by studying their gamma activity, under thirty or 
more feet of water, with a shielded scintillation detector. Several 
AEC - supported laboratories have investigated and used similar 
methods to map the thermal neutron flux in a reactor and to predict 
the burn-up of fuel elements. The experimental results described 
show the principles of such a measurement. 

A scanner has been designed for use in a Nuclear Materials Control 
System (NMCS) . The device is designed to accomodate fuel configura- 
tions ranging in size from a Yankee Power Reactor assembly down to 
an MTR element, by interchanging an adapter. Basically, the 
device consists of an arrangement for holding and rotating the 
fuel assembly, and a shielded movable scintillation detector. The 
design includes a suitable motion and position control system, and 
the nuclear instrumentation required to make the specified measure- 
ments. The estimated cost of the device including controls and 
instrumentation is about $20,000. 

The scanner was designed for use in a spent fuel storage pit. The 
materials of construction were chosen to minimize contamination of 
the water in the storage basin. The nuclear instrumentation, the 
electrical control unit, and the drive motors would be located at 
the edge of the pit. The electrical control unit regulates all 
the motions of the scanner and is fail-safe. 

A mock-up of the electrical control system was fabricated and 
tested. The nuclear instrumentation system also was assembled 
and tested. The nuclear instruments included a specially designed - 
transistorized preamplifier which was built and evaluated. 

The scanner will fulfill the NMCS requirements for identification 
of spent fuel elements before and after shipment. The device can 
also be used to assist in allocating the calculated fissile material 
content of spent reactor cores to individual fuel assemblies. A 
feasibility study on the use of the device to determine the absolute 
fissile material content of spent power reactor fuel assemblies 
indicates little promise of success. 



The Fuel Assay Scanner (2/1/60) WCAP-6039 



R. V. Babcock, S. L. Ruby 

For the purposes of the Nuclear Materials Control System (NMCS), 
a device was required which would perform a non-destructive assay 
of the materials in a completed reactor fuel assembly. As a 
practical example of such a machine, a system was developed to assay 
the U-235 and poison (boron) content of high-enrichment plate-type 
fuel elements by comparison with a standard element. 

The NMCS prototype device is capable of assaying the U-235 content 
of ETR and MTR fuel elements with an absolute accuracy of 0.3% 

(95% confidence level) by the measurement of the natural gamma 
activity. ETR elements containing boron may in addition, be assayed 
for boron content with a relative accuracy of 4% by a combination 
of the above gamma-ray technique, thermal neutron transmission and 
a volume determination. The individual measurements require less 
than 15 minutes. 

An epi-thermal neutron transmission measurement was also developed 
as a means of distinguishing between boron and U-235, but was 
found to have inadequate counting statistics for assay applications. 

Consideration has been given to use of the above methods for 
various assay problems. Preliminary recommendations of combinations 
of methods to be applied to specific assay problems have been made. 

The instrument was calibrated absolutely by the chemical analysis 
of fuel plates which had been assayed by the gamma-ray technique. 

The resultant calibration curve was employed to determine the U-235 
content of other plates which were in turn assembled to form a 
series of permanent standard fuel assemblies. 

The fuel element assay device has been adequately engineered so .• 
that normal changes in operating parameters cause errors which 
are small compared with those quoted. The machine is deemed ready 
for field testing. 



Field Testing of the Fuel Assay Scanner (6/22/60) WCAP-6042 

F. J. Arsenault 

A Fuel Assay Scanner was designed and constructed by Westinghouse 
personnel for the non-destructive assay of MTR and ETR type fuel 
elements. The instrument was designed to assay uranium-235 by 
measuring the natural gamma-ray emission, and to measure uranium- 
235 plus poison content by a thermal neutron transmission technique. 
A combination of the two measurements allows calculation of the 
poison content. The Scanner was shipped to the Materials Testing 
Reactor at the National Reactor Testing Station for evaluation 
under typical field conditions. Eighty MTR and eight ETR fuel 
elements were scanned, and a preliminary calibration of the boron 
assay was accomplished. Uraniumr-235 content may currently be 
assayed with the Scanner to + 0.54%; the boron content may be 
measured, to + 0.1 grams. Measurements on the aluminum content of 
the elements are expected to improve the accuracy to + 0.21% for 
the uranium-235, and +0.06 grams for the boron. The Scanner has 
been transferred to the Phillips Petroleum Company, and is currently 
in operational use at the MTR-ETR site. 



13. A Method for the Nondestructive Analysis of Power Reactor Fuel 
Elements (7/22/60) WCAP-6044 



B. Jennings 

A technique for performing a non-destructive assay for U-235 on 
large low enrichment power reactor fuel assemblies has been 
developed for use in a Nuclear Materials Control System (NMCS) . 

The primary problem in the development of a suitable assay procedure 
is to obtain adequate assay sensitivity to fuel in the interior 
of the element under test. The method chosen to achieve this 
penetration is to bombard a moderated fuel assembly with fast 
neutrons. The fast neutrons penetrate into the fuel assembly, are 
moderated by the water, and produced thermal and resonance fission 
in U-235. In order to minimize the penetration required, the fuel 
assembly is rotated about its major axis so that the fast neutron 
source irradiates a short length of the assembly at each assay. A 
measure of the number of fission events, and hence U-235 content, 
is obtained by counting the number of delayed neutrons released 
in the fission process. 

The above technique has been verified experimentally^ using 2.6 Mev 
neutrons from a Cockcroft-Walton generator and measuring the 
delayed neutrons produced in a Yankee-type fuel assembly. The 
results show that the number of delayed neutrons for constant fast 
neutron activation is directly proportional to the uranium in the 
assembly, except for the inner 10% where the sensitivity decreases. 
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14. Research Contract No. AT(ll-l)-132l 



$ 20,000 



Title 



Nondestructive Assay of Nuclear Fuels 
Institution: Southwest Research Institute 

Principal Scientific Investigator: W. J. McGonnagle 

Period of Contract: 8/15/63 to 5/26/64 

Background 6c Principle 

The determination of the uranium and plutonium content of unirradiated 
fuels is of interest to the reactor physicist and to those in charge 
of accountability of uranium and plutonium materials. The reactor 
physicist is interested in the total amount of fissionable material 
in the fuel elements and the homogeneity of the loading. The 
accountability offices are interested only in the total amount of 
fissionable material in a particular fuel element or sub-assembly 
and are not concerned with the distribution. 

* 

The amount of burn-up in a reactor fuel element is also of considera- 
tion to the reactor physicist and people responsible for accountability. 
Reactor physicists want to know the amount of power produced as a 
function of burn-up. The accountability personnel are interested in 
determining how much plutonium has been produced. 

Objectives 

1. To determine the feasibility of using a modified Compton 
magnetic spectrometer for analyzing the uranium and plutonium 
content of cold and irradiated nuclear fuels. 

2. To evaluate the use of solid state detectors in gamma ray 
spectrometry for both cold and irradiated nuclear fuels. 

3. To devise methods and techniques for determining the special 
material content of scrap. 

Conclusions 

This study, supported by the Division of Nuclear Materials Management, 
resulted in a report containing the following conclusions and 
recommendations: 

1. The Compton magnetic spectrometer is too inefficient to be used 
in fuel assay on a production line basis. 

Simple experiments should be performed to substantiate that 
the induced fission technique is a practical technique of fuel 
assay. 



2 . 



3. The induced fission technique and the X-ray transmission technique 
can be used for analyzing the fissionable material content and 
enrichment of reactor fuel plates. 

4. The neutron transmission technique should be experimentally 
investigated for use in determination of the fissionable 
material content of scrap material. 

5. The use of solid state detectors should be tried on cold fuel as 
well as hot fuel plates. The effect of radiation damage on such 
detectors must be determined experimentally. 

6. Solid state gamma detectors operating at 77°K should be evaluated 
for use in fuel assay. 

7. The use of solid state detectors, with their higher resolution, 
should be used to scan the spectrum of uranium in order to get 
a better idea of the energies present in the spectrum and the 
origin of these energies. 
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15. Research Contract No. $ 57,000 

Title 

Nondestructive Analysis of Burnup in Irradiated Fuel 
Elements 

Institution: Arthur D. Little, Inc. 

Principal Scientific Investigators: R. H. Johnston, E. A. Vrablik, 

N. C. Rasmussen 

Period of Contract: 1963 - 1964 

Background & Principle 

In connection with efforts to determine the best methods for assaying 
nuclear fuel, it was necessary to determine the feasibility of 
measuring the uranium to plutonium ratio nondestructive ly . Accordingly, 
the Division of Reactor Development awarded a contract which resulted 
in the preparation of a report, Nondestructive Analysis of Burnup 
in Irradiated Fuel Elements, H dated April 17, 1964. 

Objective 



Determine the feasibility of measuring the uranium to plutonium 
ratio in air. 

Procedure 



At the outset of this problem it was envisaged that all testing of 
feasibility would be carried out in air. The initial investigation 
of the feasibility of this approach was carried out at the Massachusetts 
Institute of Technology using a 2-meter-bent-quartz-crystal spectrometer 
of the DuMond type and examining a fuel rod from the MIT reactor. 
Identification of the lines was initially done by means of a 
photographic film, though it was recognized that this would prove too 
slow for any practical equipment. 

An instrument was designed to assay fuel and was shown to have the 
necessary resolution for measuring the uranium to plutonium ratio 
in laboratory tests. The instrument failed to resolve the fluorescence 
lines when used under water in examining spent fuel assemblies of 
Core I at Yankee Atomic Electric Company.. This failure is attributed 
to a defect in shielding design. 

Results 

The initial objective of this program, the feasibility experiment 
conducted in air as originally intended, has been realized. The 
modified objective of carrying out the tests on Core I at Yankee 
Atomic Electric Company reveal deficiencies in the instrument for 
operational use. 
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16. Research Contract No. W-7405-ENG.36 



Title 



$ 748,000 
to 9/30/68 



Pulsed Neatron Research for Nuclear Safeguards 
Institution: Los Alamos Scientific Laboratory • 

Principal Scientific Investigators: G. R. Keepin and Group N-6 Staff 

Period of Contract: 1/30/67 to (continuing) 

Background & Principle 

The implementation of an effective nuclear safeguards and materials 
management system requires direct physical methods of detecting, 
identifying and quantitatively analyzing fissionable naterials in 
various practical configurations containing both fissionable and 
nonf issionable materials. To be most effective and useful, such 
assay methods should be nondestructive, rapid, accurate, and capable 
of being carried out under a wide range of both laboratory and field 
conditions; e.g., in situ or on-line assay in materials processing 
plants, or in mobile isotopic assay stations for in-the-field use. 

The difficulties of representative sampling in (destructive) chemical 
assay of heterogeneous and complex systems are largely obviated in 
new nondestructive assay methods, largely because of their characteris- 
tic high penetrability through bulk materials. 

Nondestructive assay methods can be divided into two main categories: 
(1) passive assay, and (2) active interrogation. Passive assay 
methods involve observation of both neutrons (from spontaneous fission 
or (f4, n) reactions) and gamma rays (emitted following c< decay) which 
are uniquely characteristic of individual fission species. The 
naturally occurring gamma lines having sufficient intensity for passive 
assay applications are typically a few hundred kilovolts or less in 
energy and hence have limited penetrability through dense materials. 

For many practical assay problems this lack of penetrability severely 
limits the usefulness of passive methods, and one must employ active 
interrogation techniques. From an inspection and surveillance 
standpoint, it may also be noted that active interrogation techniques 
are inherently more difficult to subvert or circumvent than are the 
simpler passive techniques. 

Active interrogation involves the use of an external source of neutrons 
or photons to induce fissions in the material under investigation. 
Neutron sources were chosen for active interrogation in the LASL 
safeguards program because of (1) higher effective penetrability of 
fast neutrons in nuclear materials generally; (2) sharp, wellrdefined 
neutron fission thresholds which provide incisive isotopic discrim- 
ination; (3) readily- available, simple, inexpensive, compact neutron 
sources (e.g., D-D, D-T neutron generators, Cf-252, etc.) of the 
required intensity and reliability for practical assay applications; 
and (4) the expectation of smaller radiation dose (RAD) delivered 
to the unknown sample for a given assay capability. 



In active interrogation methods, quantitative assay is based on 
detailed observations of the delayed and prompt neutrons and gamma 
rays from fission. The delayed regime has the advantages of 
complete time-separation from the interrogating pulse, and permits 
the use of simple, inexpensive counting circuitry and associated 
data reduction equipment. Emphasis at 1ASL is placed on the 
development of very high efficiency detectors- so as to minimize the 
interrogating-neutron-source strength with its associated shielding 
requirements, personnel hazards, etc. 

The characteristic differences in yields and kinetic response of 
the delayed neutrons from the various fission species provide a 
unique method for analysis of individual isotopes in unknown mixtures 
of fissionable and nonf issionable materials. The experimental 
techniques involved in delayed neutron assay are rapid, nondestructive, 
and relatively simple and inexpensive. For relative isotopic assay, 
no absolute calibrations (of source, detectors, fission rates, etc.) 
are required, and all measurements are made in a time domain which 
is completely free of perturbations due to prompt neutron higher 
modes, diffusion and therma lizat ion effects. 

In addition to delayed neutrons, delayed fission gamma rays and 
prompt fission neutrons and gamma rays may also be used to provide 
characteristic signatures of individual fission species. New non- 
destructive assay techniques developed on the basis of these 
signatures can be intercompared with the conventional chemical assay 
methods in use for many years in the various pilot-plant operations 
at IASL which represent essentially every stage of industrial 
fabrication, recovery, and processing of nuclear materials. Full 
exploitation of the various passive and nondestructive assay methods 
under development at IASL promises a wide range of applications to 
safeguards and nuclear materials accountability problems throughout 
the nuclear industry. 

Objective 

The purpose of this program is to explore and develop promising 
new approaches to the nondestructive detection, identification, . 
and analysis of fissionable materials, as well as to improve on assay 
methods used in the past. The detailed kinetics, energy and yield 
characteristics of delayed and prompt fission neutrons and gamma 
rays provide the fundamental signatures for various fissionable 
materials. These basic data are being applied in the development 
of complete systems for nondestructive isotopic assay, and the early 
application of such systems to practical safeguards and nuclear 1 

materials management and accountability problems in the expanding 
nuclear industry. 

Procedure 

The program will consist of the simultaneous development of both 
passive and active interrogation methods for the nondestructive isotopic 
assay of fissionable materials. The early implementation of practical 
assay systems requires development of high efficiency neutron and 
gamma detectors and the adaptation of compact, commercially-available 
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